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ABSTRACT 

The study of soil fertility under intensive agricultural land use in Mae Pae 

Watershed, was aimed to study the intensive micro watershed area in the upper crop production 

system, the potential and soil fertility status as affected by intensive cultivation and the impact 

of intensive cultivation towards the index of soil fertility by using the results of analysis of 

physical and chemical properties through one-way ANOVA analysis utilizing the statistical 

significance at 0.05. Soil samples were collected based on land use systems, as follow: 1) 

field/vegetable crop production dependent on rainfall slope of 12-35 percentage 2) similar 

rainfall crop cultivation at a slope of more than 35 percentage; 3) all year crop rotation farming 

in micro plots at a slope of 12-35 percentage; and, 4) all year crop rotation farming of entire 

area at a slope of 12-35 percentage. Soil sample was done in 6 plots of each farming system for a 

total of 24 plots. Another 2 plots of forest was also included in order to compare its soil 

fertility with the cultivation area. 

From the study, it is found that Tonpheung cultivation systems are divided into 2 

differences. First system is sustainable agriculture which including the rice seeding, rice farming 

and various vegetables. Second system is the commercial agriculture by cultivating for the Royal 

Project and for free market. The product are Cos Lettuce, Chinese Cabbage-Michilli, Chinese 

Cabbage, Cabbage and potato onion. The result of the potential evaluation of each land use 

system found that the procutive potential in system 1st,2nd and 3rd are in the low level and 

system 4th is in the medium level. 
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From the study of soil fertility's status, it's found that the physical status of 

farming area is mostly likely the clay. It is counted as the fine textured soils. The Bd (soil 

idensity) is in the medium or quite high level. The soil humidity is low. The chemical 

qualification is found that the pH balance is high in acidity. The amount of organic substance is in 

high to very high level. The amount of Macnesium exchanged level is low to medium. From the 

evalucation of soil fertility, it is discovered that the soil fertility in the farming area is inbetween 

high to very high level. 
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" ,

<!I "" 'JI "". 1 'JI .1 ~ "" 
UI:1~UlJl:1.:j 1'UVl 'U 'Yl1:1~ 1:1.:j UI:1~'VIl.:j ~1'U Lfl"fl:l i fl ~ m mfl'l:l~~ fl';j lJ~~ ff'lJlJtyl11f111~'\Jl~'t'J'U UI:1~lJ 

e!Q ~ J ~ v C) ~ d Q J 
fI1~ ~l1'U ff'ULVllJ'\J'U L'U tJ.:j ~lfl~'U 't'J 'U rrn r11:1~Vl 'If'YlLVllJ ~ .:j'U'U 

0' 1'JId "" .1 w I .oS ~.I a .oS 
~1 nrrrnu fll~W. ms 'If'Yl~'UUI:1~ msLVll~lJ ~ fl~.:j flml ~.:j LlJ'Uus~L~'U fll~fl'fl'l:ll 

0' "" 1 'JI 1 'JId", <!I 'JI 'JI 1 s d I r . 'JI 'JI,J
f111lJ'Q~lJfflJ\l~W.'\JtJ.:j~'UfI1t1~fll~ 'If'Yl~'ULVll~1J~flVl 'lfU'lJ'lJL'\JlJ'\J'U 'UVl'U'Yl 'JlJ in tltJtll11tl~'U r1.:j 

", " 
1'UL'\J ~ ~lJihmju 1J~ ~ tJ'U 'lJ'U Yi ri.:j r11:1 fl';j~'Yl'lJ~tJmllJ ~~lJ fflJ\J~W '\J tJ.:j ~'U 11.:j fflJ1J'~'Yll.:j flltlfl1Vl 

UI:1~fflJ1J'~'VIl.:jLflii'\JtJ.:j~'UL~'UtJU1.:j 1 ~ UI:1~fftll'UfI1Vl1 urnr1,*1J~~ itl'lftf~~'U tJg1 'U~~~'lJ1~ l1~tJ 
I tI I , 

iiL~tJ'U 1 '\JUI:1~1~ rns1'Umr .ij~fll~.w'UYi~'U tJU1.:j 1 ~ L.wtJL~'UU 'U 1'Vll.:j1'Ufll~.ij~ flnfftll'UfI1VlfllllJ 

~~lJfflJ\l~W'\JtJ.:j~'U1~tJU1.:jii1J~~iY'Ylljfl1Vlul:1~t.:j~'U~tJ11J 

"".1 " '" 1~~U1~a~ft~8~nl1ftn~1 

.a ~ Q 1'J,JdQ 'jJ v d4d I 

1. LVl tJfl'fl'l:ll~~'lJ'lJfllml:1~~lm euu ms 'If'Yl ~ 'UU'lJu L'\J u '\J 'U'Yl lJr11:1~ tJfftll'UfI1Vl 

'JI 0'." l':d,:'JI 'JI,J 
~ l'U fI 11lJ~~lJ fflJ\J~ W. '\J tJ~'Yl~Vl tllfl';j 'U Vl'U'Yl 'JlJ 'U 111 ltl~'U r1.:j 

.a ~ 1J,I.d.oC:lo 'j) 'j) I GI ..:::::I... 1 
2. LVl tJfl'fl'1:11 r11:1 fl';j ~ 'Yl u fll ~ L'I'll~ lJ 1:1 flmlJ ~ eu u fll ~ 'If'Yl ~ 'U U'lJ u L'\J u '\J 'U ~ tJ~ 'If'U.. 
0' "" .1

fI 11lJ'Q~lJ fflJ\l~W. '\JtJ.:j ~'U uuusems 

..it.c9 Q Y rI QQ,I 

3. LVltJfl'fl'l:llfl'fltlfl1VlUI:1~fftll'UfI1Vl~'U~l'UfllllJtJ~lJfflJ'U~W. ~lm~'U'Ufll~r1I:1~. .. 
1'JId", 'JI 'JI 1 s d 1 : 'JI 'JI,J 

~lm~'lJurns 'I1'Yl~'UU'U'UL'\J].J'\J'U 'UVl'U'Yll:1lJ'U1l11tl~'UrI.:j. 
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dl 
'Utl'lU'UVI'Utl-:ifl11ftfl'l:l1 

'JI.%'" ~ .%"', 't'JI 'JI.1 
1. 'IHJU1'\J\PI\PI1'U'YfU'VIflllrrf)fll i 'U'Vl'U'VI~1J'U1'I11fJ\PI'U H'l 

'JI 'JI 'JI 1 " 

i'U ms fff)fl1f1f'l'U1~l11flll ti\PI1~elf)Vi'UVi 1J1f)1'i11l'VI'UIf)fl\PIl m Viijflll i ~Vi~'U i 'U 

<!I <>" 'JI 'JI d '" .% "'<!i .J 11) 'JI '" "'" rnn'Vl1 ~ tJ?1 f)'Vl 'If'Vl1 W'lffJllUU1'\J 1J '\J 'U ~ 11 'U \PI 111'VI 'U'\J el'l'Vl 'U'VI fl'f)fl1 91 'I I\PI1J 1f)fll nY1Jfllfl W\PI 111'VI 'U 
'II 

I ,'JI 1 

'JI 'JI '" 'i 'i '" i 'JI'" <> '" , 11).\ '" <!I '" 'l11J'lf'U lf1fl\PIlmU?1~11J1'11'U1'V1 ~flHflll'l1?11'l t\PIfJ1Jflll 'll''VI\PI'U\PI'l\PIel llJ'U flel 1) l~UU'VI 1 rm 

tJ?1f)Vi'll'1i/Vi'lf~f)mfffJJ1~'Ufl111J?11\P1o)1'U 120'1 35 ltJel{I~'U191' ~1'U1'U 611tJ?1'l2) l~UU~ 2 rm 
'II 

4!1 lSI 1.4:!I QI QI -: QI d' d tlJ lSI 0 d 
tJ?1f)'Vl'lf Il/'Vl'll'Hf)mfl'fJ'U1~'U fl111J?11\P1'lf'U 35 ltJelll91'U\PI'\J'U hl 1J1'U1'U 611tJ?1'l 3) l~UU'VI 3 rm 

'II 
~ ~, 

tJ~ f)Vi 'll'~f)\PI ?1el\PIiJm~ 'U i1fJ'U'luVi'UVi 1\PI fJll1J'll~ uutJ?1 'I Vel fJll?1:el1fffJreu U'Vi mY'IU1 fl111J?11\P1 i'U 

4 d'd d'o d aQJ.:I,. d~d 
12 tl'l 35 ltJelll91'U\PI 1J1'U1'U 6 lltJ?1'lll?1~ 4) l:UU'VI 4 fllltJ~f)'Vl'lfHf)\PI?1el\PIiJ ~\PIfJtJ~f1l\PI1J'Vl'U'VI 

~ 

11?1:mfffJl:uu'VimY'lU1 fl111J?11\P1i'U 120'1 35 ltJel{I~'U191' ~1'U1'U 6 lltJ?1'll\P1fJ'\J'U1\P111tJ?1'l 

QI , "I I Q i ild ~ 41:!1 ~ I Q J 111 

\PI1elfJ1'l 1 II urns 'If'VI\PI'U1'Vl1:tJ~f)'Vl'lf\PI'lll\PI10 iJ'\J'U hl 
~ ~ 

" 4!1 QQlQ
2. '\JelUl'\J\PIm'UI'Uel'YI11J\PI'l'U 

~ , ~ 

2.1 fff)fl1 ~ il uuu 1l?1: fff) urn 'Vl 'lums ~ \PI m n~'U Vi l'Vl1: il ~ f)Vi'll' n1J 't1'I 

QI ~.d 41:!1 QII 
?1 f)fl W: 'VI1'I fll fJ rn 'Vl '\J e 'I 'Vl 'U'VII'Vl1:tJ?1 f)'Vl 'll''Vl1W 'lffJ 

'II 

, SI I 'JI 

2.2 fff)fl1l euurrn i ~Vi~'U ~ iluuu ms m;jwlfJ'UVi'U Vil'Vl1:tJ'Jf)Vl'lfl11J't1'l 
'JI 'JI I I 

~tJ uuu f)II '11 ~'U Ii fJ'U Vi 'lfll?1~~ f)fl w: flll?1 : Vl'l Vi'U Yi'l1 ~'l1J 1f)fllll~ Uln fJ1H?1 Hil\PI 'lf1'l 1l?11rns 

1'Vl1:tJ'Jf)Vl'lfi'UlelU 1 iJ'\Jel'lflllHil\PI 

2.3 fff)fl1l:UUflllHil\PIltJllUUflll~\PIfllli'U~l'UflllHil\PI 1~llfi tJ~1J1Wflll 
'II 

i i'il fJlflm 'Ufllmil\PI flll i -Nff1l n1~\PIff\PIlVi'll'1l?1: ff1l n 1~\PI1'lfVi'll' nmlf UtJH'lJ1H~'U flll\PIll?1 
q cu III III cu 

f f)fl1l:'I111'lflll Hil\PI ll?1:tJ~Vl'U i 'Ufllll'Vl1:tJ'Jf)'l'Ul eluiJ 

2.4 fff)fl1fl 111JfJ\PI1J ff1J\! l W'\J el'l~ 'U ff1J'jj~ 'VI 1 'I fll fJfll 'Vl 1l?1:IIil ?1'l1'i1ll'VI 'U 
~ 

If)fl\PIlmf)~1J1'i1elVN 1~llfi lijel~'U (soil texture) fl111J'I1'U1111l'Ull1J'\Jel'l~'U (bulk density) 
~ 

fl111J~'Ui'U~'U (soil moisture) ll?1~ff1J'jj~'VINlflij 1~llfi fl111Jl~'Um\PI-1Uff (pH) tJ~1J1W 

<> '" '" i ell .... 1"':= -C:\ .cd tI tI
el'U'VIl fJ 1 \PI Q 'U\PI U.,'~OM)...~,1J1 We 'U'VIl fJfln Uel'U Pezmanganate ' ,Oxidized Carbon (POC) 

tJ~1J1W 1'U1m ~1J'U i 'U ~'U (Total nitrogen) tJ~1J1W vJ elffvJelfff~l~'U ils ~ 1fJ'lftJ (Available P) 

'i '" '" .1'" 11) 'JI '" '" .\'" 11) 'l't'Vlll'Yl?1'I91fJ1J'VIll?1f1llJ?1fJ'U ~\PI (Exchangeable K) llfl?1191fJ1J'VI1l?1f1llJ?1fJ'U ~'fl (Exchangeable Ca) 1l?1~ 

'" '" '" .1'" 11) 'JI
111Jf)'U~91fJ1J'VIll?1f1llJ?1fJ'U 1\PI (Exchangeable Mg) 
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~ I c{ ~,. GI'JJ QI rI 
2.5 f'lfl1:llH'Im g;'VI'U\pH)ffm'Wm~f11111~~1l"nJ\!~W'\Jtl~~ 'W !~ tI !')j''I1 'I mflW CV1 

'illnms ils g;liJ'W f11l11~~1l ffll\l~cl''\Jtl~~'W l~tll 11'l ~'W~ g;~'U f11l11~~llffll\l~ cl''\Jtl~~'W 1'W~'W~ 

m1:lmlrl'Wtl~l~h 

'" v <I
Utl UJf'I'Yf 'YI 

. ., . 
ell v.csQ <l!S .... 1.4 d 1 <!l es.

1. 19;'U'Ufll'HIJ'YIYlU 'I1:lJ1t1m m~lJ~fl~')j''I11,j'Wntl'W 'W~'W'VI'VI1m~lfl1:l\PIHl111 

'1fl~\) ~m 'II ~ l~ 1J~ nu 'I ~ ms 'I11,j'W 11t1'W~'W ~ 1~ tI'il~ 'I1lJ 'W ~'W ~ 111J 'I ~ I'll tYll'I~ 'il~ll,j ~l rI 'W1l1J 'I~ 
a es es ek .x .d" 1 ' ~" .1 a.,'"I

l'lfl'1 ermnu~11'l~m~'I1lJ'W~'W 'VI'\Jl11111J'I~ffl'W 'I1ty'il~l1J'W uununn (tl'W'W\PIII'l~f1W~, 2548) 
, • I I 

... V_I 'i <let", _I et eS 1"""'" <!l
2. f1111'IJlJ1~ Itl'IJU'YIYlUI'Yfl~lJgfl'UU'YI\T~ 'I1:lJ1t1tN rns ')j''VI~'WI~tlm~m1:l\PI~ 

ll'U'Ull~lm~ill ')j'111'\Jl~'Yllm~lfl1:l\PI~1l'U'Ulf1¢i'llrl H,h~~ Vfltl ~Glltl ll'l~~IGlltl Irl'Wl1im~~4lt1 

ll(l~~lffiJtI l~tIIll~l~m~'Yll 1i l~tl'W neuuuunu ~~V1'W hi'W IHl (slash and burn) 1'Will 1~ 
., . 

1J~ ~ lfl'VI1J~ lllJ iJ 1~ tim ~~~m~ill11'l~IHliim~ I\PI ~ tlll~'W 1~ tll,fuH,:j1'W ff\PIllm ~1Jf'UYl'W nIl 'U'U 
iI I , ,iI 

oUmJ'W 1~ ll'lg;m~ 'l,fn~'UlYltlm~ Ifl1:l \PI m'U'U1i 'I11,j'Wllt1'W ')j'111'\Jln'Yllm~ m1:l\PI~ U'U'U'U 1¢i'llrll~1 

m~l'I1~tI~ ~l~ ~'W 11'l~'\JlJ 1~tlvt111Jlrl'Wm~m1:l\PIm'Uu~tl~~9f~ ~~ l~tI'ill~\PI1J~~I~&ll~l'il~ 

hJii rrn 1J~ fl~'W1rJ'WYl')j'If'l~1:1 ~ n'il 111 iim~ ~lt1~lm ~iim~ ~~ ~'W ~ 1'W 'l'W ~1~ll:lJ1,fl'W l'U 1~ tliim~ 
•I" •• IiJ ," :: ~ IiJ I es ek. 1 1 ~I" eS " • 1 I 1"
lJ~fl'\Jl1U'I~'VI1'Ul~1 ~~'\Jl1'U'UIJI'Ul'U'U'il~I1J'U t~'I1lJ'Untl'UGll~lJ~fl 'U 1 - 5 lJ ll'll'il~n'Uu'ltltl '11 

ill~'U ~ll~fJl~llflll11~~llffll\l~cl'i 11'llrl~'U tl~il~ ~tI~n'l1'l1i1 ~ (ffl'Ufl~~'Ullfl1:l\PI~~,,!~, 2548) 
Iii, I 
.et eS ~.:!I d 5'1 QI d 

3. '.i~'UmfllJ\'I'.i'UU'YI~P 'I1:lJ1t1fH ~~'U'UflUH'I\PI'U'U~'U'VI,,!~ l1J'U~~~'U'VI 

ff,r'Uff'4 'U ~~'U'U ms H~\PIll'U'U~~9f~'\Jtl~fl~ll')j'l~~'Uf~l~'1rrnns (lll,j~ tl nrur1'U fftl~1J ~~ lfl'VI''I1tY 
, !II I iI I , 

~tl ')j'1~~'U nniil~9fl\P1~~m~ H~\PI.,j'11'U llr1'U 'I1~fl 'il~~~i1'U l;'\1'U i 'U-w'Un'U lrill'U'U nff~ ll(l~')j'l~ 
"' q OJ 

~'U n~l1r'U ~~'U'UflU H~\PI~iiYl')j'~fl 1~H'I l~~~ lW')j'~'U'U ~'U ~ff ~'Il~i'U 'I1rtl'U~nw 1 'I1ril'\Jl 
q OJ 

if I r 'j/ " 
CI Q Q 'JJ.:!I Q CI ... 1 91 "l I 4d ....'1 Q "I I 

'Utlfl'illfl~'U'VI'Ul'U'U'VI,,!~ll'll ~'U'VItl'U'1 'ilg;u~~fltl'U~ltl t~'I1lJ'Untl'U lJl'111,j'Untl'U ll'lg; ~~ml~ 
, if • , 

m~~~'U rmsIfl1:l \PI ~ l-Wtltlm g;~'Uflll11lrl'Utl~'\Jtl~'lfll')j''U'U'U Yl'W nff~ 1'U ~ g; ueu~ n (~'U 'VIf'l1~ ~1:1 n 
OJ 11 OJ 

70) 1~' ,fll'Ul'VI1~ m~\PI'Il~tJ 11~ ums 1J~ flYl')j'If'l~1:I ~n 'il1~tl'VI~ll 'VI'U m~1J~fl~'U (tT'U~l~tII~fJl~ll 

H'IH~\PI'VI1~ ms Ifl1:l\PI~, 1l.1J.1J.) 
, . . 

... vet", _I v v eS 'I "es '" <!l
4. f1111'IJ'YIYlUI'Yf1~lJgflll'l.J'UI'U'll'UU 'I1:lJ1t1(l~ ms !')j''VI~'UI~tlflUm1:lmm~ll 

tl~l~ 111 \lfl'l1 ~fll')j'lm~ '\Jl~ m~lh~ ~ i'fl1:ll~'U m~1J ritl til 11';h~'U1J~ If'l'illfl-W')j'1J flfl'Jll 'Yll' 11' 
., . . 

~tylfftlflll11~ll~'U 1'U~'W m~l~l~1J~flfi'Yll i 11'~'Ulfftl ms l,f~mfliilYlfJli~H~\PIH'I ll'lg;ffl~fh~~ 

ff\PI~-W')j' 'Yll i 11'~'Ul~tlllfJWfl1~ ll'lg;ffUYl1:l\PIflfi'l~tl~l 'U ~'U (ffUl'4 mll 1 'VItlffl'11 i'Uti11 ')j''U "1, 

1l.1J.1J.) 
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<1 "" ~ Y "'I d"'l
5. fllUJtlVl'IJi;nJ\l~W'Utl'lVl'\.A mn Vtl 'I f111llll1n'U tlV'\/fl'l 'IillPJ fll'l11'jW'lfV1W'If'l~ 

o 11)" I GJ Y" I 'i "'II) Y '" d '" ~ '" d <1 ....
fflllUtl'Ul ru ~'lflJ'j~ ~V'If'U ~fI fI'U'tHJflllffll\!HU 'I1lJ1Vtl'l fI'U't1ll'lil9,Jfll'l1UlJ1n UCl~lllfl 

~ ol::\ 4 1::\ C\ ,. \I) Yet, C\.d .I " 
fffilWU1f1Clflll'\/fl'lfl 'Ul'I1ll1~ffll W'lfffllJ1'j ru 'l'jty!~'lJ t~ ~fIfI ff1'U fI'U't1~.I1f1f111ll~flllffll\!'j W uu 

ijfffilWUlf1"'flllg'U"l l'I1lJ1~ffll ~'lfn'1il'l~tyl~'lJ1~l'Vh~f11'j (mmY'l!ff~llm'j!n~~'j,ll.1J.1J.) 



.
 
<:( 

'U'YI'YI 2 

.c9 ""., " '" 'I iI 'I ilci '" .1 iI iI 
fll'HYfl~l'J'iHJ fl 'JUI ~~ u fflJ\!'HU 'Utl'l~'UflleJ ~9'1 rm ~ G)fYl~'U~V'l1~lJ~flU1J1.H'UlJ'U'U 

l ,d I ': 'JJ 'JJ;j 0 Q,I Q,I.::s 'i I,. o.c:S! 'i 'J/...I ". ~d~ 
t'UV'l'U'YHllJ'U1l1'JeJ9'I'UH'l tlltfHl'iHJlJ'YHJ'l 'i)'ll1'J~~'lW'l ntu ~~eJ'Yllfll'jtYfl~lfll'j~'l1lJ'j~ ~eJ'l1'U'Yl~'U 

q . " .'I .1 <!I iI iI.1 'I ilco",' co <!I co .1 <!I 
~ 'U fl n tV'll~lJ ~ flV'l 'l1~t 1J1J~ 'U lJ'U'U ~ lJ U1J1J ms ~ 'l1'Yl ~'U ~ 'l1'U fln 'H):! 'U neJ'U V'l'U n ~V'l1 eu ~ flV'l'l1 fl n . 

.::s.c!l Q,I Q 'JJ 'JJ.::s.::s 1 QlQ .::s Q 

11 ~'UneJ'U V'l'l1U f1~fffl1J 'j ~1J urns Hfl9'lU1J1Jt'UlJ'U'U 'YllJ Hfl9'I tl fflJ 1J9'1 nN fll eJfl1V'l un~ 'Yl N ~fllJ 'Utl'l~ 'U 

.c!t Q.c:S! ~ QCill,d, iI j);j Jt Q,I 

tV'l ntl 'j ~tlJ'U t! 'lfftll'UfllV'l ~~lJ fflJ\! 'j W'U tl'l~'U ~ 'UV'l'U nrm tfl~9'1suru9'I'U H'l tV'l tll1 n ~ ~1J fl 'JllJ ~~ lJ 

nuu 'j W'U tl'l~'U t 'Uif'U ~ Vi 1fl1 'j tfl~ 9'1 'j UfI~ ~~ 'UU'U'J'Yl1 'l t 'Ufl n un1 'Uti t1J111 'Yli'V'l eJ 1m ~'U t l1'ij 
~ u 

lJ'j ~iY'Yl~fllV'l t 'U~l'Ufll'j t oNlJ'j ~ 1eJ'l111~~'U mh'l~'lv'U UfI~~~tl t l1'u'U 'J'Yll'lt 'Ufll'jfffl~ 11~eJijfl'J1lJ 

-i~t 'i)'U \lfl~ tl'l ~'l ~ 1~~'U ~ tl'l tlltYeJfll'j fffl~ 1UfI~~'Ufl11U'U'J~~ nq~ ~UfI ~'l1'U 1~eJ~~~eJ'J'l1tl'l ~~ tl 
" 

ihlJ1'oN''Ufll'jffflm1~eJ~'l~tl1lJij 

Q,lQ Q d,d, iI QI rI .crt. 

1. fflJ1J9'I'U tl'l~'U n tfleJ'J'Utl'l nu-rnu ~~lJ fflJ\! 'j W'U tl'l ~ 'U 

G) tjJ ,. rld.Q, l d 
2. 'j ~1J1J nu ~ 'l1lJ 'j ~ W'l1'U 'Yl~'U 1J'U V'l'U n"J'l 

Q Q .crt. rI iI iI l,:::i 'QI Q 

3. 'j ~ 1J1J Hfl9'lt'l1 'lV'llW'l1eJU1J1Jt'UlJ'U'U1J'UV'l'U'Yl"J 'l9'len 'jV'lmm~ 'U 

.. 
..... ""...... SI .... • "" 1. tn.J1J~'U8'l~U'mfltJl'UtHfl1Jfll1'l1tl~'lIt1''lI\l1W'U8'l~'U 

rI Q .c:S! iI .c!!I cill!l 
nnu ~ ~ lJ rru \! 'j W'U tl'l ~ 'U 11lJ1uo 'l fl 'J llJ lJ1 nu tl eJ'U tl 'l'li HJ tlll1 n V'l 'l1'Yl V'l 'l1'i) ~ 

ff ru 1'j t! ill 1 il'l oN il 'j ~ 1 eJ 'l1 111~ ~ 'U ~ ~ ~ u ff lJ \! 'j Wl1lJ 1eJ ~ 'l ~ 'U ~ ij 'Ii 1fJ tl111 n lJ 1fl UfI~ trl tl 
fffllV'lU'J~ ~tllJ'Utl'l~'UmlJ1~ fflJ ~'l1ff1lJnt!t'i)~t1J~9i1J 19'1 1~~ ff'J'U~'U ~'U 1~fl'J1lJ fJ~lJfflJ\!'j WU~ 

'i)~ijfffllV'lU'J~ ~tllJg'UG'] ~mlJ1~fflJ u~~'l1~1tit'i)~t1J~9i1J 19'1~ 'Yh~fll'j (mlJff'l~ff~lJflntfl~9'I'j, 

lJ.lJ.lJ.) ~'lijfl'J1lJt~eJ'J'l1tl'lti1JfflJ,j9i'Yll'lflleJfllV'ltflij UfI~ ~'JfllV'l'Utl'l~'U ~'l~tl 1lJrl' 

~ oC:l .c!I QI Q oe:S. I .cI.Q 4" 
1.1 t1''lI1J~'f1HflltJ.fIlft'U8'l~'U fltl f1fl~W~'Utl'l~'U'YlUff~'ltltlfllJ1 t'l1'U ff~'U ~'Utl 

" " ~'U 1flHff~N'Utl'l~'U fl'J1lJl1'U1ml'U fl'J1lJV'l1'U fll'j~lJih fll'j~lJih t~'U~'U fflJ,j9i'YlNflleJfllV'l 
. . " 

vhhtit1J'Utl'l~'UViij HfI~tlfln~'i)~t1J~9i1J 19'1'Utl'l~'l1t~'Umh'llJ1fl (1~~eJ'j, 2546) ~'lij 

" 1.1.1 t'l1tl~'U (soil texture) l1lJ1eJ~'l tl'ltllJ'j~fltl1Jt:jf'lflleJfllV'l (physical 
. " . 

composition) 'Utl'l~'U Vi ~lti~ l~eJff~ffl'Uffmi'Yl1n~ eJ'll 111Ufl'Utl'lfl~lJ tl'4fllfl~'U~ NG'] , 'U ff'J'UViij 
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'lJlJHH~tl ~lJ'IJ~,mi~~lJll~mj~ 1~fJ'~tll'm91tlm~1l1fJ'IJ~~lff~~ij'IJlJ1fH~tltl11 2 iJ~~tlJ91'i• 
'" 

(,rlJfi~ ~'4mfl'IJlJ1~'Vl'i1fJ 'Vl'i1fJU~~ U~~~lJt'\'I'UfJl) ff~"hlJHfflJ'IJ~~~'4mfl~lJ'lJlJ1~~1~1 ilij 

. '" 
H~~~fflJ'jj~'Vl1~ tllfJm~VlJ1 'IJ~~~lJ ~'lflJ f1111Jff11J1Hl' lJ tl1'i~1J\11'IJ~~~lJ (water holding 

capacity) f1111Jff11J1Hl' u tll'i ~lm'Vlmtllff'IJ~~~lJ (aeration) H~~f1111JfI~'VllJ'IJ~~~lJ (soil 

strength) tiJlJ~lJ ~~ff11J1'i(l~lUlJmd'~~lJ~~tll~!iJlJ 3 milJ ~~rl' f1W11l1'i6mfll'lf11J!~1'VlfJ1 

(2544) 

'" '" '" le::to Cl ,,~ 4I!(Clto ,lid, 

1.1.1.1 tl~1J~lJ~lJmW1'lJ (coarse-textured soils) 'IJ~~'IJ~~!lJ~~lJtl~l.IlJ 

'" • '" 1

~lJ ll~i''lJih~,hlJHl 1~~ ff11J1'im91~ fJlJ~lJ 1~~lfJff~~lml~!~1 rillJ~~tfffJ fi~ t'l1~~1l1tl~lJViHl . . '" 
~lt~l~'I! ~miJlJ ~'4mfl~lJVi l1Jij1J'i ~~H~~ij,$~~'i~'VI11~~'4mflViij'IJlJ1~' 'VIqj ~~~~~'lJil1U~~ 

... IiplY 
li1~m'VI1'i~'lf l~lJ~fJ 

'" '" 
1.1.1.2 tlrllJ~lJt'l1~1J1lJtlm~ (medium-textured soils) ~lJI14~1J1lJtl~1~• 

",co :,Y "i "'Ii]Y' Y ... <!/ ,Y "i '" '" :"'YlJtllJfll11J~lJ1 'lf1J'i~ IfJ'lflJ 1~f1~lJ'lJ1~1J1tl ~'lf1l~ff11J1'i(l 'lf1J'i~ IfJ'lflJ1l1tlffllJ 'VIty'IJ~~lJ1'Vl~1J 

~lJ Vi Hl~ 1!~ 1~\1 ~~ '4n1f1ij1J'i ~ ~ !~~ ~'lf~~ 11 ~ ~'4fi 1f1ij'IJlJ1~ ~~ n ~ ~~ ~~'lJ il1U~~ li 1~ ~1'V1 1'i~'If 

Ii] Y co d Ii] I <!/ 0 Ii] Y I 
ld lJfll11JH'IJ~ 11J1J1tlll~'V1l~llJ 1~~lfJ 

'" '" 
1.1.1.3 

4 d 

tl'llJ~lJtlJ~~~mV~ (fine­ textured 
fj} d Clto I d.::l 

soils) 'IJ~~'IJ~~~lJtl'll.IlJl.I 

'" . '" 

"l fj} "l... 1 QI 0 '" 4!1 Q "l fj} I fj}.::I 4 odi 0 '" <d 

1~1J1tl tll'i'lf~~lfJlil91m'VI1'i IlJtl'lJlJ1mm'IJ91'i1tl~'lfttl~ l~fJ1tl ffllJ'IJ~tfffJ f1~ tll'iH'Vl'itlClflJlJ11J• 
,~ :, fj} Ql Q "l 9Jfj} .d I r e::to e::to<j

fIl911 U~~ tll'im~1l1fJlJ1 lJ'VIlJ 191~~lJ 1~'lf1 tll'i'i~'lJlfJmtllffml Clf~ff ~H~m~'Vl'lJ91~tll'itll'ityt91'lJ 191 

'IJ~~Vf'lfl~ 

1.1.2 lf1'i~fff1~~lJ (soil structure) 'VI1J1fJi1~ tll'i~'lJ~ltiJlJt~~'IJ~~~'4mfl 
'" "i Ii] .. d .. "'Ii] Y co I I "i Y ... dI co 
t~fJl l~fJtl~ Itlli'i'ilJ'lfl91 tlJ~~lJ'Vl l~mllt'ifJm1'V1lJlfJ IflHff'i1~ (structural unit) 'VI'i~ Ped Clf~lJ 

~1J ~ 1~ U~ ~ 'IJ lJ 1~ ~ H91 tl~ H tilJ 1 ~ fJ~111J~lJ ~ij ms fffH ~11J1lJ llJ ij~'lf~ 'i 'i W'VI lJ lUll lJ ij 

nllm'i1J'IJ~~~~m1191 t'lflJ ~'If ff911 U~~1l~lJ'Vl~61J1tl (lm'lJtlllJ1l1tltl1'il(l~'illJ'I!~fJ iJtlll~tiJlJ. .. 
~lJ~ijlf1'i~fff1~ (f1w11l1'i6mfll'lf11J!~1'VlfJl, 2544) l~fJ 'lf1~ (1J.1J.1J.) tlrl1111 tll'i~~ttll~tilJ 

'IJ~~~'4mfl~lJ"l'M~fi~'lf~~11~'i~'VI11~t~~~lJ f1111J~llJCJ1fJ'IJ~~~lJU~~f1111JU~~U'i~'IJ~~tll'i 

~tll~~l'IJ~~~lJ~U91tl~l~tilJ ~~ 1f1'i~fff1~'IJ~~~lJ ll~ijH~~~fflJ'jj~'IJ~~~lJ ~t~fJl.,j'~~ti'lJ1J~1J1W J1 

mtllffU~~ms m~1l1fJ'IJ~~'i1tl~'If'lJ~lJ 

l~fJ~l11Jff11J1'i(l~lU unms~'lJ~l'IJ~~t~~~lJ 1~tiJlJ 2 1J'i~tfi'Vl ~~ 1J'i~tfi'Vl~ l1J 

CO"i Y .1 ",co"i Y Ii] Y , <!/ '" 
1.1 tflHff'i1~ uaeuseumnu IflHff'i1~ (structure) H~~~'i'i(lU~~f1W~ (2548) l~tl~11(l~~tlflW~ 

lf1Hfff1~'IJ~~~lJl~fJ~lll~utJ~~~miJlJ 3 ~tlflW~ ~~ 1. U'lJ'lJn'~lJtl~lJ (granular) ~1J~l~f1"'lfJ 
'" .

'VlHtl~lJij'IJ1J1~1J'i~1J1W 1 - 10 iJ~~tlJ91'i iJtl~'lJ'lJ~lJ'I1lJ A 2. U'lJ'lJn'~lJm~fJlJ (blocky) ~1J~1~ 
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" t1~ltJnritJ'Iii'U'Wl'f1'l.h~llltu 1 - 5 lC)f'W~l!lJm~n'VnJi'W~'W~'W B u~~ 3. U'IJ'lJU~'W (platy) ~tJ'W~'W 
I i' tI tI I 

U'IJ'W11'1~1 i 'WU'W1'il'IJU~~~tJ'Wl'H~tJlJti'Wl~'W~'WU1U~~t11f11tYCJflJ~1'W 1~tJ1n ~m~'W~'W~'W A Vi 

tlnU'IJ~'fI 'illnf11'i'IJ'fI 1tl'UtJ'Ilt1~ tJ'I.om 
OJ 

1m '1ff~1'1~'W iit111lJffm~''W,rtl'IJt111lJfJ'fIlJ fflJ\! 'iW'U tJ'I~ 'W i 'W 'VI 1'1 atJlJ nril1titJ 
. . " 

~'WViii1m '1ff~l'1Vi~ titJ ii1m '1ff~l'1t1~ltJ'VIHn~lJ'il~ff'llff~lJiM'~'W iif11n~'I.J1tJUl ciltJl'VIt11f11tY 

.c::S.c::S I j/ :"l91 .cQ 0 j/ ~ ~ .c:. ~ .c::S ~ 
'fI u t111lJ 'i 1 'W CJ1tJ U~ ~ fJ u 'W 1 1'fIl'I1111 ~ fflJ '0 'I'VI 1i 11 ff fll 'Vi 'U tJ'I 'fI 'W l'IJ 'W ff fll 'Vi tJtJn C)f l'fl'If'W u Un ff 

tJtJntHl'0 'W tJ~l'1lVi tJ'I'Vi tJ ,Hllltu 'IiWI t1111l'i~'lfi 'W ~'W ii f11 nJ ~ 'fill ri tJtJtJtJn ffffl'i ~~ ~ 1tJ~ 'W mh'l 
• OJ 

l'HlJ1~ eu 'i1lJ..r'l n'O m 'ill 'UtJ'I ~~'W'VI i ~~'W i 'W ~1'Wms ~tJtJff~ltJfl'W'VIi tJl\9l Q1 lll~'W tJu'W 'VIi tJl\9l Q 

(mineralization) l~'W11l1~~ (~n'fll, 2544) 

1.1.3 t111lJ11'Wlutl'W'UtJ'I~'W (soil density) l~'WfflJU~'UtJ'I~'W~1~f-.l~m~'VI'IJ 
I ~ ~~ .c::S t ~d~ 4 ~ 

'IJ 1'1ff1'W 'ill n 'If'W 'fI 'U tJ'Il 'W tJ'fI 'W U~~ tJn 'IJl'1ff1'W '0'1 n ms 1n'flllJ 'fI 'fI 'W (aggregation) 11 'i n m 'i In'fl 

1t1Hff~1'1~'W (soil structure) ~h11i''IJi'Wf11'i111t111lJ11'W1Utl'W'UtJ'I~'Wii 2 iheirm titJ t111lJ 

11'W1Utl'W'i111 (bulk density) U~~t111lJ11'W1Utl'WtJ'4fllt1 (particle density) 1'f1tJm~tJ~'W~vh 
..c:S I ~ I 1 QI I QI.c::S4 ~ " " . 

ms lf111 \9l 'i 'il ~ lJt111lJ11 'W 1U'W 'W 'i1lJ 'U tJ'I'fI 'W tJtJ'i~ 1111'1 1.2 - 1.6 ns u \9l tJ~ 'IJ.C)flJ. 'VI '1'W l'W tJ'I'illn'fl'W 
OJ 

~'1nril1~ii 'lftJ'I11'1flltJi 'W ~'W i 'Wll~llltu ~ U\9ln~l'1 tl'W ~ n'fll (2544) n ri1111 tl'O.otJ~ii f-.l~~tJmllJ 

11'WlUtl'W'UtJ'I~'W 1~un 

1.1.3.1 1l~1ll tu 'lf~H1H i 'W ~'W ~'W ~ii 1l~1ll tu 'lftJ'I1H III n 'il ~ iit111lJ 
.. " 

11'W lUtl'W'i11.l'UtJ'I~'WI1h 1'f1tJ1111 1l'O~ii'lftJ'I11'111'111lJ'fI1l'i~llltu 50 llltJ{lc)}ml 

1.1.3.2 'U'W l'f1U~~ff'fl ff1'W 'UtJ'I'lftJ'I11'1 i 'W ~ 'W ~'W ~ ii'lftJ'I11'1'U'W1" i 11 qJ 

i 'W ~'W 'l!tJtJ 1~ 'W ~ '1~ i M'lif 'W 11~ 'W iit111lJ Utl'W Vi'IJ ~'W In'fl'illn ffll'H \9l'U tJ'If11 'i l'U \9l m 'i u ~ 1~l 11111~ eu•. . " 
U~ ~ ii rns 1 tl 'Vi'id'W Vi hit11111~ eu i'W'Utu~ Vi~ 'W GJf'W 11 ~ nuM' 'It n'W 111 111 n~'W i'fl ii ll~llltu 'lftJ'I1H 

'U'Wl'fl i 11qJ'l!tJtJn11 10 l't.JtJ{lc)}'W 1Pi'1'f1fJll~1ll\9l'i~'W 'O~ 1~l'Hlll~fflJ~tJf11'il'il~tyl~'IJ 1\9l'UtJ'I~'If 

" 1.1.3.3 11 'i g; lfl'VIl'W tJ~ 'W '0 g; ii t111lJ fflJ oW'W,rtl 'IJ 'U 'W 1'fI U~ ~ ff'flff1'W 'U tJ'I 
• I ~ I tI 

'lftJ'I11'1i 'W ~ 'W i 'W ~ 'WVi vh f11 'i 1'Vi 1~1l ~ n111111 'l!'W ~ 'W Viiil'l1tJ~ 'W 11 'i g; lfl 'VI ~ 'Wl11 ij fJ1'Og; ii ~ lt111lJ 

. " 
11'Wlutl'W 'i1lJ'UtJ'I~'W1l'ig; llltu 1.0 - 1.3 ni'lJ~tJ~'IJ.C)flJ. ~'WViiilU tJ~'Wll'i ~lfl'VIi 1'Wl'H ijfJ1u~d1'W 

. " 
1l'W 'VI'ilfJU11'1 'Og; ii ~1t111lJ11 'W lU tl'W nlJ'UtJ'I~'Wll'ig;llltu 1.0 - 1.4 ni'lJ~ tJ~'IJ. C)flJ .u~g;~'WViiit Uel 

~'W ll'ig;lfl'VIi 1'W 1l'W 'VI'i lfJU~g;'VI 'ilfJ 'Og;iifilt111lJ11 'W1Utl'W nlJ'UtJ'I~'Wll'i g;llltu 1.2 - 1.6 ni'lJ~ tJ 

~'IJ.C)flJ. l~mi''W 

" " 1.1.4 t111lJGJf'Wi'W~'W (soil moisture) Ull~'Wl\9ltl~'IJi'Wmg;'IJ1'Wf11'iff'llmlg;..1• 
Uff,m~g;Vh11 'l!1~ ~ 1'1'1 lllnllltJ i 'W~'If l'lf'W vhi M'lC)f~rl'l~'1 ~1 'lf1fJi M'1 'Vi'i 1 'VI'Vi~ lCJflJ tJ~i 'W fffll'Vi 

OJ 
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;iI QI' gJ Q d rI ad: ~ ... I QI' .QGJ GJ v 
U'lJ1'\.WfleJ IlJ'\.J\Pl1fl~1-:1 h..lf11'J'IJ'\.JtI1fJlillPJtJ1l11HI'\.J'VI'HJffl'J 'V'l'lf~f11'JrnfJ'\.Jlt'VH)lJ'J'lJfJW'H 1J~ ~ '\.J ~ 'H 

iI " I " 

f1-:1ff fI1'V'l'iJ 'Jfl~ f111~'i1'\.J 1 '\.J ~'\.Jt ~'\.JU'H ~ -:lihYi~ f111mhriru n'IJVl'lf ~lVl'lfl~i''IJ'I.J 1l~t'Vi fJ-:I'V'lm~'VIl 
" 

Q.c:i .c!!I iJQI .c!!I:.c!!t d IV 

'IJ tl ~ G]j' ~ 'IJ tl-:l 'V'l 'If'il ~ 1\Pl 'J 'IJ fI1 1u fl 'J ~ 'VI 'IJ fl 'J ~ t'VI tl '\.J 'H 1 fl 'IJ 1 \Pl '\.J 1 ~ '\.J U'J -:I ~ 1 fl 'V'l 'Iffl 'il ~ 'If~ -:I fl fll 'J 

t'il~t1Jt~'IJ i\Pl'H~m~ fJ1\Pl lfJ1il (f1Wl'ill'J6f11f11'1fl'iJ!Vi1'V1fJl, 2544) i\PlfJ'iJfl~Vl'lf~f111~ 11~tlfll'J 
tI 

'IJl\PllJ1U\Pl fl~l-:1n'\.J\Pll~tll~Vl'lf ~1'IJ1\Pl 1 '\.J'J~fJ~'lh-:lf11'J t'il~t1Jt~'IJ i\Pl 'il~~~~Vil 1 -MVl'lf~\Pl'IJ'\...I1\Pl'IJtl-:l 

l;h'\.Jmijtl~'\.Ji\Plt'il'\.J ~1'IJ1\Pl 1 '\.J'lh-:l'J~fJ~t'il~ruvr'\.J1r 'il~~~~~tlfll'J ~ff~tflff'J Vil1-M~~~i1\Pl ~\Pl~-:I 
" q ...... 

(dt'lffJ'J, 2546) 
tI , 

f111~'i1'\.J 1 '\.J~'\.J ej-:l~f111mY~vr'\.J £n'IJ~'\.J'VI~fJ1\Pl(l 1'\.J~'\.J tVlmf1\Plm~'IJ1'\.J f11'JtJtlfJ 
q 

• '" " I

ff~lmfl''t:lVl'lf'IJtl-:l'ili1'\.J'VI~ 61 '\.J~'\.J fflm\PlViVil1-Mml~'i1'\.J 1 '\.J~'\.J ~\Pl~-:I 1 '\.JVl'\.J Vif11'J tfl't:llPl'J tf1\Pl 'illflf11'J q q 

'J'lJfl1'\.J 1JtlfJ t'li'\.J rnr1(l'V'l'J 1'\.J l~~f11'JfI ~~~'\.J 1 '\.J fll'J'iJ~ flVl'lf Vl'lf'V'l'J 'JWil flfl~~~'\.J~ ~1'\.J 1'\.JUtlfJ 
q .. q 

;iI gJ 0 ilQ Q d j) d ~ 111 91Q1 Q rI I QI' ,: Q 

mn tlJ'\.J\Pl'\.J 'VI-I1'H ~1\Pl'\.J~f111mtl'\.Jt'V'l~G]j'-:I ~\Pl'J'IJ'illflUff -:ltJ1'V1\PlfJ i\PlfJ\PlH U\Pl'J ~\Pl'IJfl11~'If'\.J 'IJtl-:l\Pl'\.J 
• tI 

ej-:l~'iJ f1f1~ fJl~ 1~ n'IJfI11~ tl\Pl ~ff~'IJ'J Wflfl~ 1fJ tijtl'J ~~'IJfI 11~'i1'\.J ~f1 11~t'H ~ 1~ ff~~ tlli 1\Pl tll'H 1'J 
~ q ~ q 

Vl'lf t'li'\.J l'\.JilPl'Jt'il'\.J i~i1'IJ~tr~ U~~ i'IJ'Jtl'\.J 'il~t~'\.J'iJ'J~ ifJ'lftf~tlVl'lfl~~ f11'J'lJl\PlUfI~'\.J i~~'IJ~tr~ 
........ J .;. .... .... , ... J ' ....
 

U~~ i 'IJ'J nu u fltfl\Pl'IJ '\.J t~ tltfl\Pl fI1 1~U~ 
Y 

-:I fI11 u fflm'J (l ~ \Pl nu li llPJ tn 'H l'J \Pl 1-:1"'] 'IJ tl-:l'V'l'lf'IJ'\.J e ~fl'IJ 

tI • 

'J~~'IJfl11~'i1'\.Jt~'\.Jtldl-:1eJ-:I (ff~'lflfJ, 2535) 

1.1.5 ff~'\.J (soil color) ff'IJtl-:l~'\.Jt~'\.Jff1J1J~'VI1-:1f11fJfI1'V'l~~tl-:lt~'\.Jl~41fJ 

\Pll~'iJfl~m~fI1f1td1 '\.J~'\.J2Jfl l~~ff'H~tl~ff'ill-:1 (fJflt~'\.JU~fft,j'~'IJ1-:1'1fU \Pl) ~ -:l2Jfl~'\.JU'iJ'J 1'iJ\Pll~ 

fffl1'V'lU~~mrl'iJ'J~fltl'IJg'\.J"'] 'IJtl-:l~'\.J t'li'\.J 'iJ~mw'lJtl-:l~'\.J'VI~fJ1\PlQUfl~tltlfl lG]j'~'IJtl-:lm~fl 'Hlfl~'\.J~ 
Q QI' Q dd 0 .c!!I: v v Q d "l 0' d.c!!l. Q 

~1~ff (Humus) mfl\Pl'\.J'il~~ff\Pl1l1'Jtl'\.Jl\Pll~t'IJ~ m\Pl'\.J~tltlfl ~G]j'\Pl'IJtl-:lm~mfl~tl'IJHdtl~fI1f1~lfl 

~'\.J 'il ~ ~ ffU\Pl-:l'H ~tlt 'H ~ tl-:l U~~ ~ 11 '\.J 'IJ'IJ 1'\.J rru nltU \Pl~'\.J Vil1 '"'~ rnr ff~ ff~'IJtl-:l UfI~t~fJ~ 'H~ tl 

U~flUt~fJ~rn{'IJm'\.J\Plmfl~'\.J'il~~ff'IJ11 t~'\.J~'\.J ff~'\.J~f111my~'ti'\.J£n'IJ1\Pl(l~'\.JnltU\Pl 'iJ~mw 
q 

tI tI tI 

fl'\.J'VI~fJ1\PlQ ffl'J'iJ'J~fltl'IJnltU \Plff 'J1~li-:lf11'J'J~'IJ1fJlJ lU~~tllf11fl' ~-:ltr'\.J 1 '\.J fll'J~ 'ill'JWlff~'\.Jt~'\.J 
'I Yo I i "'d.... II) Y , II) "'.. .. .1 Y II) Y .. I Y

U'\.J 1'Vll-:l f11'J ~ 'lflJ'J~ fJ'If'\.J 'VI \Pl'\.J ~\Pl tl fJl-:1 ~ 'Jfl\Plf11'J Wfl11~'\.J tll'il 1'If-:ll'\.J ~\Plt'V'lfJ-:I m 11"'] t'V'l'Jl~fll'J 1 'If 

'iJ'J~ ifJ'lftf~~'\.Jtldl-:1mm~ff~ej-:l~'\.Jn'IJtJ'il~fJg'\.J"'] flfl'H~lfJ'iJ'J~f11'J ~-:lif 

1.1.5.1 ~'\.J ff'IJ1 1'H~tl ff'il 1-:1 2Jfl t~ '\.J ~'\.J ~ ~ fI1 1 u fJ\Pl ~ ff~\! 'JW~ 1 

Jt QI' 'j) 0 Q ~.Q Id ~ d "'j).Q d': ='I 0 

!'\.J tl-:l 'illfl1\Pl Q\Pl'\.J f11t'\.J \PltlJ'\.J 'H'\.Jmff'ill-:1 G]j'-:I~lillPJtl1l1l'J'\.J tlfJ m\Pl'\.J ~t'\.J m lJ'\.J 'VI'JlfJ'H fJl'IJ 'il~'Vll-:ll'\.J 

l~41m'V'l'Jl~t~'\.J~'\.Jt'IJ1 (Light soil) U~~tl-:l'J~2J\Pl'J~1-:1t~tl-:lf11'J91~~fl (Deep percolation) 'IJmJl 

'lffl'iJ'J~ 'VIl'\.JUfl~ f11'J 'If~ ~~ ~lfJli l\PltJ1'H l'JVl'lf'il'\.Jmm'IJ\Pl'J lflVl'lf 
q 
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1.1.5.2 ~'U fffl i1 i~ fJ~1 'hl ~'U fffl iujtlij n nu Q~mnJ \l HU".X.:j 
I 'I tI tI I 

tij~'1 'il1tlij ~'U'Vl~ fJ-j~ QlJ1tl ~lt ~'U~'U Vi~lJl91ll1U'l~'U ijfffl" lU"~~'Ui'U ril.:jijfft'Vl1tij~'1 'ill rnrn WI 

ijiJ~lmff 

1.1.5.3 ~'Uffm~~.:jl1~~ffU~.:j 1J'mn~1'UiJinw~".X.:jmlJtil'Ut'\Jll1~~~ 
>J >J 

'j 1iJ 1 11 rit'\Jl ~'U m ri TUij tl1'j'j ~iJlfJl1l~il'l~lJ1tl mlJ1~ffll1 fiJ 1 oM,j ~tlVJ'lf1 i l1~~ffl'U 1~~" 
, >J 

tij~.:j'illm~~iJl1l 1~~'U ~tl'illtl ~l~'UlJ1tl 

1.2 tnnwhn:J~nnflij'UtH~U ti~ fflJ-U9111~m;tllJw~fJfh'l1~~rjl.:jl1d'l'\J~'1~'U~ 

ij~"~~l1~~t~fJl,r~.:jtiiJ,j~ni fJltflij~l'1G'] ~tn~~'U1 'U~'U t'lf'U ,j~nifJl'\J~'1~'U ~'U'Vl~ fJ-j~Q 1'U~'U 

nl9Jml1l'jVJ'lf1'U~'U mm"m,j~fJ'U,j'j~~iJltl'\J~.:j~'U t~'U~'U 

1.2.1 ,j~nifJl'\J~'1~'U (soil reaction) l1lJ1fJil'l 'j~~iJfllllJt~'Um~ (acidity) 

11 ~ ~fl lllJ t~ 'U~h.:j (alkalinity) '\J~ .:j~'U ~ 'It~'U fflJ-U91 ~ ffltity~ ij ~'Vl i ~,,~ ~ m eu1 'U m 'j 'Vl1'1tflij 

U,,~:j11fl1~ 1'U~'U~ij ~,,~~m'j I'ilityl91iJ i~'\J~.:jVJ'lf ,j~ni fJl'\J~.:j~'Ul1 ~ ~'j~~iJfllllJl~'Um ~-~1'1 

(pH) '\J~'1~'U ij ~"~~fl lllJQ~lJ fflJ\l 'jW'\J~.:j~'U1'U u~'\J~.:jm'j ln~,j ~ni fJl'Vl1.:jtfln1 'U~'U ~ij ~,,~ ~ 
~ tI a Q.I d ~ iI I 

fllllJ IiJ'U,j 'j ~ ifJ'lf'U'\J~ 'In 19Jml1l'j~'lf 'j ~~iJ pH lJ~ "'Vl.:j 'Vl1.:j ~ HU "~'Vll 'I~~lJ~ enseu l'Ums 

~1.:jG'] ~1~fJl,r~'1tiiJm'jI'ilityl~iJi~'\J~'1VJ'lf (~tl~\ 2544) 

VJ'lfril'U1my1J'tl'il~t'ilit1J1~~~'j~~iJpH '\J~.:j~'U,j'j~lJ1W 6 - 7 mW~~'UI~'Um~ 

lJltlG'] 1J'tl'il~ij'j~~iJnl9Jml1niJHnl9JI,j~fJ'Uu,j".:j1,ji~fJl~~1~lrl~ pH ~ltl':h 5.0 'il~Uff~.:j 

mtlu'\Jl~nl9Ji ~U'Vlffl91fJlJU"~~~ff~~fff ld~.:j'illtl i~U'Vlffl91fJlJ'il~~tl'lf~~l.:j~~tl 1,j'illtl~'U 1~ 

4lfJ U"~~~ff~~fff'il~tltl~~~~ (phosphate fixation) ril'Unl~m~tl ~"ij,rlJ UlJ.:jtll'Uff 'il~~rj1'U cu cu q cu cu 
I tI tI I 

fffl1~Vi "~,, 1fJl1l 1~innsuu l.:jfl f .:jln~t~'UYllJl!fiVJ'lfVi,j~tl 1~ ms1oM~fJlflij91~~~ti'Ul~'U 
o 1 !II,t1 '" !II 1 ~ 0 1!11~ ~ d.K w ~ 

n"l'Ul'U'il~'Vl1 114fJlfllJ~tlfl1.:j 'U~'U 'Vl1 l1~'UtiJ'Um~u"~U'\J.:jlJltl'\J'U U"~'j~~iJfllllJtiJ'Um~ 

1~'U~H\m.:j~'UI~fJltiiJm'jVil'1l'U'\J~.:j~~'U'Vl~61'U~'U~lfJ ~l~'UI~'Um~ijtil pH ~ltlll 5 ~lm4fJ 

'jlt'VhJ'U~~~'Vl'UViHl'U~~hJ1~ U~~ltlUiJflViI~fJ'il~Vil.:jl'U1~~1'U'lfl.:j pH 5 - 8 ~.:j~~'U'Vl~6ij 

iJ'Vlm'Vlffltiw1'Urns rj~fJff"lfJffl'j~'U'Vl~6ff~~1ri".:j 1,j1'U~'U 1'lf'U ~~cM.:j 1iJVJ'lf ilfJVJ'lfff~ 1~'U~'U 
u • 

(til", 2540) 

1.2.2 ~'U 'Vl~ fJ-j~tJ1'U ~'U (soil organic matter) ti~ ~.:j~ 1~ 'illtltlUrj~fJ 

ff"lfJ~l'\J~.:jC)ntlVJ'lf C)nmY~l ~ '1,jiJcilfJ'\J~.:jlJ'4lJ 6u,,~iY~1 '\J fJ~~l.:jG'] 'lil 'il'U ilwl1" "'\J~.:j ~~'U'Vl~ 6 
, I II' I tI I 

Vi~lfJU~l ~'U'Vl~ fJ-j~Qlij~rj~fJffmfJ~~ 1,j,j'U ,,!~-nlfJ'il~ 1~ih1J'ff (humus) t~'U ffl'jVilff~fJ'jijVJ'UVi 
>J , 

~liYlJ~ff".X.:j ffllJUtl~~cMiJl1l 1~~ ijwnlJffllJl'jtl 1'Um'ju"m,j~fJ'U,j'j~~iJltl fl'U'Vl~fJ-j~Qt~'U 

~.:jtl,j 'j ~ n eun d.:j1 'U~'U ~ ijfllllJffltity~ nm Hl1iJfJlJ fflJ -U~ ~HG'] '\J fJ.:j~'U U~ 1~ll1 ~'U ffU 
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~'U 'VI~ {l 1;) tl•'Hi fl~';njff (Humus) ~'U 'VI~ {l1;) tl •'l'U ~'U ij ~'VI ~"'H'~ flff~ 'lJ'9i'VI 1'1tll {l.fl WI tfl ij UCl~ 
.c::S Q ~.c:s4!l " 'lf1fll'VI '\J fl'l fl 'U fl'l 'U flfl 

1.2.2.1 ff~'IJ'~'VI1'1tll{lfll'VI'\Jfl'l~'U '~uti 

1.2.2.1.1 ff'\Jfl'l~'U ~'U 'VI~ {l1;) tJl11i -H'ff'\J fl'l~'Ut ,j~{l'U U,jCl'l 
II f I ., 

trJ'U U1;)lCl~'U ~'1,)1 tUfl'l ~ tn ~'JiJffVi' ~~ ltl tll 'j ffCll{l~'J'\J fl'l ~ 'U 'VI~ {l1;)Qij ffU 1"1Clt.,j'~UCl ~ij'\J 'U lfl 

" .d d.a.e::::t. 0 ~ 'j/ Q,/ , 4!1 ,Vd
'\J fl'leumnCl~ tfl{lfl~'VI 'U ~'J~ l'U'J'Uinn ~'1fflm'j tlfl Cl mfl mnuff'J'Uau flflm n 

1.2.2.1.2 ~'U 'VI~ {l1;)tl'l1'J{lff 'Itff~~ i -H'fl'Ufllfl'\Jfl'l~'U ~l.J~'Jti'U 
, " 

trJ'Un'fl'U vhi-H'~'Uij1flHfffl'1Vi~UCl~~'JWlm ijflltllffthm'VI'~ff~fl'Jm~1.J1{lUl'~~• 
V a " Q"l°iVVo,v" 

1.2.2.1.3 fl'Jl~fflm'jtli'Utll'jfJ~'Ul'\Jfl'lfl'U usm 'H~~'Ul fl 

tf1'U 20 t'Vil'\Jfl'lJl'11 Utl~'J ij~Clfl~l'1mtl~fltln~~Jl i 'U~'U tln~~'Uij,j~mw ~'U'VI~{ll;)Q~'1~~~ 
d a Qi V V: d.,J
~~Cl'VIl 'Hfl'Jl~fflm'jtl i 'U tll'jfJ~'U l'\Jfl'lfl'Ut'VI~'\J'U 

1.2.2.1.4 fflm'j tlfl 'J1.J ~~ ms t,j ~ uuU,j Cl 'IfJW 'H 5J iJ~ 'U fl ~1'1 . " . 
~1J'VI~'U mnrru Vi~'U'VI~{ll;)tlijVl'UVi~b~l'U'J'Umtl~'1fflm'jm~l.Jfl'Jl~ffl'U '\J neuff'1Uflfl, ~til.J~'J• 
w "l V "l <!i I <!i Q "l.1'i V 
~'U ~flmtl ~~ 'I1m~'VIl.Jm~t'VIfl'U;)fl'jltl'VI'lfmmtl'Uru 

1.2.2.2 ff~'IJ'9i'VI1'1tflij'\Jfl'l~'U '~uti 
~ <!i 'i .,j d w 'VQ

1.2.2.2.1 t'U'Umm'j'VI'IHfl~'j'lt'U fl'lmtlfl'U'VI'j {l'J;)tl fl mtltl1'j

w <!i ",o'''ld '" I V V d<!i
• 

iVi 
ffm~'J'\Jfl'l9fltlV'l'lf 9fltlff;)'J ~ '1~lil1J fll'Hl'j '11 Cl tlUCl~li l1Jfll'H In fl'l fl flU '\J l'1m lJtl'J'U'VI'VI'lf~~ 'If 'U 

Q Q" Cl .d 4!1 9J i 'j/ .d 0 Q,/ I... ICll d 
tln&~HlJt;)l.J ~;) n~tl'llil1Jfll'Hn'VI'VI'lf;)fl'ltln 'Uu'jmW'Ufl{l 'VIfflflty t'lf'U mCltl 'VIfl'lUfl'l 

ff'ltl~ff 1~i11.J~,j'~ UCl~g'U'1 ~'1U~~~ij,j~mWlil1Jfll'Hl'j '1J~lmrlfltVi{ll.Jtil.J~mflij U~~~~fl{l'1 

,jClfl,j rlfl{l i -H'trJ'U,j 'j ~ 1{l'lfU~flVl'lfi 'U 'j~ {l~ {l1'J 

I i 9JQ d Q,/ 4!1 "'I 'j/
1.2.2.2.2 'If'J{l 'Hfl'U ~fl'Jl~ffl~1'jtl~fl9l'1.Jlil1J fll'Hl'j'VI'lf t fl . " . 

~ 'I &Ufl'l ~ ltlijVl'UVi~'J'I1,r lff~ HffmtlUCl~ij,j'j~ ~, .wVhCll.JtrJ'U ff'J'U'l'11 t1J ~'1ijfl'Jl~fflm'j tl~flil.J 
.1 "lV,V <!i dd d i .1I 

u'j~~l.J'Jtl n fl'H'jfl'VI&'j{ltldl ~fl'Jl~fflm'jtl 'Utl1mCltlu'j~~l.J'Jtl (CEC) 

1.2.2.2.3 'l1'Jm~~fl'J1~~1'Umunn t,j~{l'UU ,jCl'lfl'Jl~&rJ'U 

mfltrJ'U~l'1'\Jfl'l~'U (buffer capacity) ~'U'VI~ {ll;)Q '1 'U~'Uij,j'j~~Cll.JUCl~ijfl'Jl~ffl~ntl i 'Utl1'j~fl 
w , , 9J .ci d 0 i 9JCll ddoCll d Q,/ .c:i 9J t .... Id .... 1 

9I'1.J flflfl 'U 1.J 'Jtl fl ff 'I~ 'I~~ Cl 'Vll '11 fl'U 'VI ~ fl'U 'VI 'j {l 'J;) tl ff 'I~ fl 'J1~ m 'U 'VI 1'U;)fltl1 'j tu Cl {l'U Uu Cl 'I'\J fl 'I .. ... 
"l Vd

pH ~flfl 

1.2.2.2.4 'l1'J{lClflfl 'Jl~&rJ'Uvh':I'\J fl'lli l1Jfll'Hl'j 1.J1'1&'l1'U t'l1 ~tl 

fl'JiJtt~ UCl~U~'1tl1iJff ~'1ijfl~mtl i'U~'Umfl 1fl{l~'JiJff~~n~~'Jtil.Jlil1Jfll'Hl'j mrllrl'vhi -H'tnfl 

&rJ'Uffl'j,j'j ~tlfl1.J!:jf'leMfl'U~fl'l~'J (Stable complex) 
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1.2.2.3 "nJ,j~'YJ1~t)1'Jf11'Vl'\J6~~'U '~Ufi 

1.2.2.3.1 t~'Um'H~:JJU'Hrl~1i1~m'H1~'\J6~~~'U'Vl~6~'U i'i6'~ 

11t~'UU'H rl~ 61'H1~ U~~U'H rl~'Vl""H1'U ~ff1titIJ'\J6~ 11~'U'Vl~ 6 ~~ij H~'t11 t ,r1J~:JJ1tuu~~fil1m ~:JJt~:JJ" . 
:JJ1n~'U 1~HHil'Vl1~m~lJTUm~~t~tJ1~6~nlJm~t1J~tJ'Uu1J~~1i1~61'H1~t'U~'U u~~ijH~~6m~ 

1J~1I1J rl6 tJu~~t1J~ tJ'U!!1J~~ 1i 1~61'H 1~ ~t ~ 'U 1J~ ~ 1tJ'ln1~6~'lf .. 
1.2.2.3.2 'If 1 tJ eJ u eJ ~ n 1 ~ t 11 ~ tlJ u ~ ~ t'l1 1:JJ ff 1:JJ 1 ~ n t 'U n 1 ~ 

.. , 

rie t ,rtfi1l ht'l~'lf'\J6~t~6 ht'l ms t~:JJ~1'U1'U'\J6~11~'U'Vl~611~ijH~~6m~t'lllJi>1:JJ'H~mi1~1I11~'U'Vl. '~. 

~6n6t,rtfi1l ht'l (m:JJ~WJ'U1~~'U,2545) 

Grigal and Ohmann (1992) ijm~ffmnt'U~'Ut'\JlPlf6'U 11~'U'Vl~tJlIPlQt'U~'U11~ 
I II I I II , 

, d <!I <!I od ,'I 0 "od. I od • I ~ <!I od 0 

~1I ~~ 6tJ1~~ 111t~ 1 t:JJ 6'Vl'U 'VllJ1\1 nme 1tJ~~U~1:JJms tlJ ~ tJ'UU lJ ~~ tu 'U'Vl 'U 'Vl'Vl1n1~ tn'l:l 1Pl~ 

" , , II • 

111mil 'Vl1~~1JU uums tn'l:l 1Pl~ UlJ1J!~:JJ~'U 'H~6~'U Yim~ tn'l:l 1Pl~ \1m1J~ tJ'Uu1J ~~, 1Jt~'U~'UYitl11J~ n 

t'lf'Ut~tJ1nlJ Samapuddhi and Suvannakom (1962) 'VllJl1 t'U~~tJ~ilu~nmtJ'H""~m~~1I'1!'t11~ltJ 

til fJtuff:JJ,j~'\J6~~'U11~t1J~tJ'Uu1J~~'1Jt'U'YJ1~t~6:JJ1'Vl~:JJ~~ nrl11fl6 fh1JBfi~tJ1'\J6~~'U (pH) 11~ 

t~:JJ~'U ~'U'Vl~tJllPltl~ff~ff:JJ1Pl1:JJlf'U~tl111~fftIJtfftJ'1Jmh~~111t~1 1i11Pl''U 11Pl~ tl1'U vJ6ffvJ6i'ffU~~
q cu u q 

1'VlU 'Vlfft~tJ:JJiju 'U 1 1"r:JJ~ 1I~~mh~t il'U '~i1l une 111nm~t1J~ tJ'U u1J~ ~lf'U ~tlllin :JJ'lf1~'1Jt~'U 
" I , II 

~'UYitn'l:l1Pl~ m~:JJ d6:JJij H~~6m~ t1J~tJ'Uu 1J~~fJtu ff:JJ,j~'\J6~'\.h t 'U~1'U~1~'1 U~~111nm~ffn'l:l1 
fJ},. Q,I tI Q,I cf , ...'1 0 .... 1 tI d tI .!t 

'\J6~ Wert U~~ Riller (1963 m~ ~1ItJ 'Vl'U1ifYn1l, 2550) 'VllJ11lJ1\!n'YJ1~ltJ111n 80 tlJ6Wlf'UlPl m~6 

d tid tI Ad d OGJfJ},Q ~~ Q.:i I

t'VltJ~ 20 t1J6Wlf'UlPl '\J6~'Vl'U'Vl11~:JJH~'Vl1 ~mn1lm~t'Vl:JJ'\J'U'\J6~IPl~n6'U111m1l:JJtI~ 8 t'YJ1 lPl~n6'U11~ 
.. .. 

ijH~ 111tJIPlH~6t'l11:JJ,j'U'\J6~u-lt'Um,hh~11i1~• 
<!I <!I .d<!l" 11].1'1" aI o

1.2.3 1i1~m'H1~'Vl'lf (plant nutrient) t'l6 n"1:JJ1i1~'Vl'Vl'lf1Pl6~m~'U1 ru ~'lft'Vl6 
.. , .. 

o dQ .e:t. Q" ,. d fJ} 4 .!t .!t QI gJ 

rm 1I1H'lf1IPlU~~rm t11~ t1JtlPllJ ~1Pl ~1ItJ:JJm ~lJ1'U ms ff~ l~m'H1~ U~~t'U6W6'Vl'lf ~ l:JJ'Vl~m~ ff~ 1~ 
" 

t~'UH~H~IPl'\J6~~'lf 1i1~m'Hn~~lt~'U~6~'lfij6g 16 1i1~ ~~ij 3 1i1~t~'U1i1~m'H1~~:JJ1111fl .. 
mmfYu~~u1mh~t~tJ~'Vl6U~1 fl6 66fl~tl1'U'~111~tl1'UU~~m{lJ6'U U~~~fl 13 1i11Pl• :JJ1111fl~'U 

'~un ''U 11Pl~tl1'U vJ6ffvJ6i'ff 1'VlU'Vlfft~tJ:JJ Ut'l~t~tJ:JJ U:JJflijt~tJ:JJ ti1:JJ~ti'U m~fl U:JJ~miJff 
QI d ,. ,. Q Q ~ Q ~ ... IQ .!t 
ff~fl~ff 'Vl6~U1I~ ~lJ~6'U ~:JJ~lJ1I'U:JJ U~~t'l~6~'U C)f~lJ~:JJ1tuU~~t'l11:JJm:JJ1~ff:JJ'\J6~1i1IPlm'H1~'Vl'lf• 
l1~t~'U ~lti1'H'U1It'l11:JJfJ1I:JJff:JJ\!~W'\JU~~'U ~'U~ijt'l11:JJfJ1I:JJff:JJ\!~ W~ ~ 'H:JJ1tJi1~ ~'U~ijffm'Um'Vl 
.d GJfJ} ~ 91 f d Q d I v .do
'Vl11~ ~ 'H1i1IPlm'H1~'Vl~ 13 1i1IPlmlJm'UU~~UIPl~~1i11Pl:JJ1J~ :JJ1tut'VltJ~'Vl6Unt'l11:JJ1Pl6~ m~'\J6~'Vl'U 1:JJ1 

...1 4 fJ} "l iJQI I I d fJ} fJ} d QI l.d QI fJ}

lJ ~ fl 'U Ufl111fl'Vl'lf11 ~1Pl U~ ~ 1I~ lJUIPl1i 1~6tJ1~ t'Vl tJ~'Vl6U~1 '¥J fl1i l~m'H 1~ 1Pl6~:JJ ff1lff1'U'Vl eu~~ fl 'U 111tJ 
II iI , II iI 

~~ijt~u'l,rt:JJ'YJ1lJU~cjf:JJ~~~~lJ1J!~'U' 1J6d1~m:JJ1~ff:JJU~~ff611t'l~6~n'U ff1'Hi'lJ pH '\J U~~'U U'U ij 



n~n1.~~~~~¥~G~~~~U~~ 

b 

~,mn~~G~~n.~.LHI.U~$[,LWl ~WG!lnM,~.L!~Ltlm~~n~~~~UI1M.~lA,$[,t,UG~mL~~I1~~m~n$[, n~ 

b t:::lIl'tI I'l) b(fj h I ,P I'tI I'l) ~ l?' t:::lI I'" l'F Ir' bl ... b tfi 

n~, GlntmQ~~nn~n1.~~~~~~~Q~~~W~~~~nV~lA,ng~~Q~ntp~£!mL~~[1 Hd ~~[1nn~~[1' ., 

~LU~~nnn.n~~ ~L ~n~UL~ ~LHLQ~L!l~Qn.~L~ nQ~~'~LU ~L HL Q~L!l nn. ~~[1~Q~~~~~ 

G~Hn~~~nLU nf!'~Lt~~~[1nn~~[1nLU UL~~Q~nQ$[,$[,1uuUL~~L~~Qfb~~'UU n~~Lk,L;!~~~l 

"I" I 
~~nLU nfbl n~M.1.~~[1,m~~[1'~LU~~l,\i1.G~~~L"M.~~~nM.~t~~~~U[1n.1.~~~nuuUL~~G~ 

~L~,L;!~QrUU (;)It!pnX;) lOOJ) ULWL~UQQV~lA,n~U,L;!~Q~[1~~[1~LU ~1.I)LH~LU UHLQ~L!l~~~LU 

~ n 

Ltt~L~UU~~n~~~LU $[,~UL~~Q~t~U~lA,mLU~m,W~ M.~M.1.[11 ~~U~UL~~Q H~~n~l n.~lm~~, 

~ . 
uU~~~LrG~LM,t!.w~l n~~G~ L,,~L~~rt~,L;!Q~~~~~~l ~M,~lA,@~~Q$[,~ ~t:$[,~L~H$[,~~LHLG 

~L!l~Q~Ih~L~ ~~,L;! ~,L;!~L HLQ~~ Hnn~m~~G~~ L"n~~uu~~~~,,\i 1. Q~~~ ~M.~n 1.I)LlJ L,,~L~ 

nb 

~~~~Q~m~L~nL~~~M,~~Hnn~,~~~ n~n1.[11~~L~~YU~~n,ttL~mV~lA,n@U,L;!Q~' V~lA,n@U,L;! 

~ . 
n~'~Lk,L;!L~~,L;!nUL~nL~~~M,n.~'U1!~LktHL~~U~HUtM,n~l~L~M,1 M.~n1.I~~~~~~~~nn~Q~UL~ 

~LrQ~M,~lA,~~~UtM,n~I!hH1.~Ln~$[,~ (t!Jog Q~H lut!ld) $[,~ 1'1'£'1 

~~~,L;!~Lt~~~',\i1.G~p ~~mL~ 

'oo ~G~l1inl ~Q111 nuuu: nsunusuim nGn.U~M,LU',L;!~l1n~~nt~I)L~,L;!t~,L;!UUb$[,M,UUb I" h. I'"lit It) ,.r; hp J=I' 19 p I'" I'l) P t:::lI I'tI Ir' 

flUI H1~t$[, (J;)SOdUlO::l;)p) ~L~,L;!I)QI)lA,LnHLlA,I)~lA,n~~~~n nL~~~M,~~mLHLB~~HnnrJ.1~L~,L;!$[,M,lA, 

t'& 19 I IF t1i o,p f::' '=" I'l) I I,:; t'& Ir'F 

V~lA,M.@~L,L;!I)~LQ(J;)U1nSUO::l) ~U'un.n~UA.Lfl.lA,n.~}~£!~~m~n1. ~~!!~,L;!nUL~nL~~~M,~1.I)~l 'oo 
UL~I) W.nQ~L,L;!H~LWI~,L;! lA,LnHLlA, (J;)::lnpoJd A.mUl!Jd) ~lmK[1~~H~mrJ.1lA,Ln.lA,n.~$[,M, Q~tL~U ,0 f::I 'l::7 P I'l) F t'& 0 '=' '=' t6 IJ:i J=I' Ir' Ir' I 

nQn.;L~~Q~W!(jpQ~~Q~m1.~LM,t!.m~l uut:n.n.~~n1.~~~U1.~LrQn1!Jn~~£!~Lt~~~lA,Ln.lA,n. 

~~~u~~~n~~ V~lA,ng~~~n }~£! $f.~ QIt U~H~~U £ n~'UQQ~fbn~LQM.~M.1.~~~~~~ L~I)Ln.~Q 

~1 ('\7'\7~l) WlA,tM,Kl1ur.t~LlJ~~L~Lm~~~n (8'\7~l '~m~~~!!LJ~~Q) ~~'~LlA,~~nM,LlJ~LUnL~~LlA, iii lit .,... I-.,. ,. .. iii 

n~~Q~~rt~,L;!m~~~[1nn~~[1nLU~~',\i1.L~ L"n~~~~~~~Q~H $f.~ L,,~L~}~£!UtM, ~n~1 ~h~ III I 

m n~nn.mL~un~ ULULQ~~n tn ~L!l~n nHflumUL~~YU~~~~Nb"lJ~tl)~lA,nQ" LtU~~'lA, n~n1. h IJ:i ; I I'l) tfi lp 1=" I f::'F '=' 'l::7 t:::lI I'l) t:::lI 

Ih ~L,L;! una U~ ~11 U,L;! nruniuu H1t~,L;! UUb$[,M,ULlioflumL~,L;!I)QI) UUn 1.1h~L,L;! lA,L nH~n~~Q~~M.H I'tI 0 f' I'" IJ:i t6 19p to Ir' I I'l) 0F ttl f::' '=" lp 

~LrQIh~L~~n.QU~~[1~~QM.~R~Q~ (SUlS!Ut!SJO nOS) n~n1.~~~~~~ 1'£'1 
.' 

~1 L"nnlA,nM,nl uunn.n.~~nl ~~~,L;!~Lt~~Hl QM,m$f.l)l~~I1QQ,~~n~~'~LlA,~~n 

iii lit "'.. Ir' b.,. b ..iii b Ir''' 1-Ir' ..
"." I" 

M,L U'I)LU~LlA,~rt~,L;! n.1!JM.,t:t~£!~LW~~~P H~! ~[lM.~' M.LU't~",L,\4HU.!!l"It.Q £'1 

('\7'\7~l 'LI)lA,~~K[1Lj(,~~LlJV~L~Lm~) M.~M.1. L,,~L~~LHLQ~L!l~Q~.ttj(,l)l ~~[1M.~' 

~Lt~Q~~~~I)~l ~H~P~~ ~Lt~~L~U~LrQM.~~Q~M,LU't~~LlA,~~n~~'~LlA,UUM.tn.~WQ~~M,~IA.@ 

£1 
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QI tI 4 .e:t. ~ I QI QI tI 
1.3.1.2 ff\9l1 (animal 'I1HI fauna) \9I'\.J!lJ'\.JU'I1~'HJlfftl'\JtJ.:jff\9lT\.J1'\.J1 

"" ......... '1'_1'1' ... .k ...... c:l • lI)iI~ "" .... 
'll''\.J\9I'mJlJln'VI~\9I fltJ ru ~\9I~CJ11 CJ1.:jlUCJ1~~!\9ItllU~~!~nlJln'l'\.J\ln'llU'\.Jn ~l!lJ'\.J'V'lln~~'\.J'VI~tI 

~tJ.:j~.:jlJl 1~un 1ff!~tJ'\.J~tJtI (nematode) !~'\.Jff\9l1'11~lmCJ1~~ '\.JtJn'llnif~'V'lmJln 1~un ~l'V'lln h 
" ~!'rltJ{ (rotifers) 1~ (mites) 1ff!~tJ'\.J~'\.J (earthworms) mJ~.:j (insects) fl.:jntJ (millipedes) \9I~'\J11.J 

1 1 !II I • 

(centipedes) U~~U1J.:j~1J (spiders) U~~fl'\.J'1 !~'\.J~'\.J l\91m'il'V'l1~tJV1.:jtJ.:j t '\.J~'\.J.yh11f11~ !f11J\9I~111 11J 

1\91 tlffl'\.J t 'I1qJ!~ tll<?1tJ.:j tJ~~ lt1n1~ "l\9l~ m~tJ'I11tJ1'111~ '11~ tJ!~'\.J ~ tJdtJ1fftlU~ ~ f11 ~ fl'\.J tJ1'111~ g'\.J '1 

!'li'\.J nun\91 vtJtI~'\.J ffl'\.J ~'\.J 'VI~ tl1\91 t1• n u n\91 fl'\.J ~ 1n~'ll' ~.:j fl'l m ~ 1J~.:j nrl1Tvil t,r! fl\91 n u 

. " 
!1J~ tI'\.JU1J~.:j ff1J,j~'\J tJ.:j~ '\.J 1~ lJlnl1.:j'Yll.:j~1'\.J f1lt1m'V'lu~~'YIl.:j~ 1'\.J!flij !'l1'\.J f11~ "l\9l~tI 1 'll''ll'tJ'\.J~'\.J 

'\JtJ.:j1J\9I ilmn U1J~.:j19i1.:j'1 '11~ tJ1 ff!~tJ'\.J~'\.J 't11 t ,r!fl\9l'litJ.:j11.:j~1'\.Jl'\.JlJln t '\.J~'\.J~ff.:j H~'t11 t,rij ~\9I'j1 
" .

f11~ci11J'\.J 1ff.:j ijf11~ 01m'VI tJlf11ff~ !fl\9lf11~!fI ~tJ'\.J~lt1~'\.J Hff1JfI~ f1!fI "'1~'\.J 'VI~ tl1\91m1n ~h~'\.J~.:j t '\.J 
OJ •• 

" ~'\.J'I1 ~ tJ'lln~'\.J 1.J'\.JU~~~ '\.J rl1.:j ff\9l11.Jl.:j'll''U \91 'l~! ~'\.J ~l')htlvtJtI t ,r~'\.J ffl'\.J ~'\.J 'VI~ tl1\91 Qij '\J'\.J1\91!~ n~.:j 
.'IiI"" .... illI)_I' lI)iI'.1

'VI1 ~'I1~~'\.J'VI~m'\J1 ~lJtltJtlff~lt1 ~\9I.:j1t1'\J'\.J 

1.3.1.3 ~~'\.J'VI~6~'\.J (soil microorganisms) !~'\.J~.:jij~1\91'\J'\.J1\91!~n 

1J1n~tJ1fftltJ~t'\.J~'\.J ~ .:jij~1\91mrl1iftJ1'lu1i.:jtJtJn1~!~'\.J 2 n~1J ~tJ n~1J Heterotroph ~.:j!~'\.Jn~1J 
,I' , • 

fit~ff1~~'\.J'VI~6mrl1ih~'\.J!mrl.:jtJ1'111~m{1.JtJ'\.J'V'l1.J1J~1J1wfi1J1nfiff\91t '\.J ~'\.J ij1.J 'VI1.Jl 'VI t urns VtJtI• 
ff~lt1~'\.J'VI~ tl1\91Q t '\.J~'\.J'I1~tJfl'lm ~1Jg'\.J'1 ~!~tll<?1tJ.:jn1.Jnn t ~~'\.J'VI~ tl1\91Q!~'\.J tJ1'111~ U~~n~1J 

Autotroph !~'\.Jn~1J~t ~ CO2 !~'\.JU '11 rl.:jtJ1'11nm{1.JtJ'\.J!~mY .:j!m l~Mffn ~'\.J'VI~ 61J1ff~H!~'\.J 
.._ I .. .k • 'I 'II)' 'I iI "" .... ~ II) iI ... 

tJ.:jfllJ~~ ntJ1.J '\J tJ.:j!CJ1~~ CJ1.:j ffl'\.J m qj ~1J ff11J1~ t1 t'll'ff1~ tJ'\.J 'VI ~ tillJ'\.J tJ1'111~ U~~ 'l ~ ~\9I'V'l ~ H1'\.J'lln 

Uff .:j'l1~ tJ'lln n tJtJn91!\91 ~'\.J (oxidation) '\J tJ.:j ffU tJ~'\.J 'VI~ 61J1t ~t '\.J m ~ 1.J 1'\.J nU!1J 'VI11.J tJ~ci11J 

(flW1'l1~6mfl1'll'11J!~1'V1t11, 2544) 

_I "" • "" dl
1.4 m~'U'~~I1J'Utll11JfJVl1JtT1J'Y~tl.!'U0..:.1V1'U 't'I1JUJfH m~1.Jl'\.Jf11~\9In'lfftJ1.J 

'11~ tJ1J 'j ~dJ'\.J ~ ~ ~1.Jfll11J~\9I1Jff1J\P W t '\.J ~n1JW~'\JtJ.:j1J~1J 1WU~~ ff\9lffl'\.J '\JtJ.:j 1i1~tJ1'111~'\JtJ.:j~'\.J 

~'ll'~ ff11J1 'j t1U111Jt~1J ~ ~ 1t1'll''\.J1~ \9I~tJ\9I'l'\.Jff1J,j~'\JtJ.:j~'\.J~fll1.J1iJ1Jfll11J1~'\.J1J~~ 1t1'll'U'\J tJU1~ 

tJ1'111~t'\.J~'\.J 

w _I .. _I "" .. "" ~ • iI
 
l\91t1lJ~ ~ff .:jfl'\JtJ.:jf11~lJ~~!1J'\.Jfll11JtJ\9I1Jff1J1.J~ W'\JtJ.:j\9l'\.J !lJ'\.J f11~ '\.J l'\JtJ1J~ 'llnf11~
 

q q ~ ~ 

" .
1J~~dJ'\.J fll11J~\9I1Jff1J\!~ W'\JtJ.:j~'\.JU 11J1Ji'1.J1J~ .:ju~1 '\J l\91t11~nnI9i1.:j'1 !~tJ't11 1,r~'\.Jijfll11J~\9I1J 

" 
ff1J\j ~ W11.:j 1J~1J 1WU~ ~ ff\91 ffl'\.J '\JtJ.:j 1i1~ tJ1'11 U ~'ll'\9I~tJ\9I 'l '\.J fll11J1 '111J 1~ ff1J '\JtJ .:j~'\.J19i en n 

!'l~WI~1.J l\91'\JtJ.:j~'ll' (tJ'\.J '\.J..r, 2547) !'V'l~ 1~~'ll'UI9i~~'ll''U\9I'l~ijfll11J~tJ.:j f11~ ff\9lffl'\.JU~~1J~ 1J1W1i1\91" . 
tJ1'I11~ ~'ll'~U\9I nl9i 1.:j n'\.Ju~ ~ ~ '\.J I9i 1.:j'll''U\9I19i 1.:j ern '\.J ~ VtJ 1J ij~ ~~1.J1i1\91•tJ1'I11~ ~'ll' t '\.J ~'\.J ~U\9I nl9i 1.:j fl'\.J 

QI ~ G) 'j) 4 IQ 4 4 I Cll iI 91 ~ 'j) Q Qd a
\9I.:j'\.J'\.Jf11~ t 'I11i1\91 tJ1'111~'V'l'll'Un\9l'\.J '11~ tJ'V'l'll'U\9I ~~'ll''\.J \91 t 'I1t1n\9ltJ.:jm1J1~ eu 'l.:j \91 tJ.:j'V'l 'll~W 1'11111i!'V'ltJ 

• OJ 
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.1 i .1'" '" ... i ~ ~ "'.1...... .. '" 
lJ 'j ~ fleu 'Urns lJ 'j ~!lJ 'Utl11lJ 'QfllJtllJ\j'j W'tIfl~fl'U '11 \J flflfl~m'l ~lJ lJ 'j ~ rmn fll'V'l1J1 rm tlfl (fJ'j 'j 'il 'U, 

2549) ms lJ 'j ~dj'U tl11lJ!~'U tls ~ 1fJ'lftJ'tIfl~lil~fll'l11'j~'lfi 'U~ 'U 'il ~~fl~~ 'ill'j W1'ill nrmUliJ 'il ~fJ 
. .. 

~1~"l '¥iiir'H'~flfl1'j! 'il~ tlJt~lJ 1fl'tlfl~~'lf't1~'I1lJfl1J1~ 'ill'jWli 1lJ~1fJ !'If'U tllJ1J~'Y11~fl1fJfll'V'l 'Y11~ttlii 
<d -Cll .<d t <d 9J .ei lI] 9J I ~ d QI 

U"I ~ 'Y11~ 'lf1fll'V'l'tIfl ~fl 'U en'Yl~ 'j 1u"I~!fl fJfl'tlfl~ tlfll'V'lU1fl"Ieu CIf ~ Iaufl tl fll'V'l 'V'l 'U'Yl fl1 'j 'il fl rns 'tIfl~ 

.,... v .x.. i I t1 .a .a i ~II) v .k ~.. "'.;. .1 
tflllmfl'j lJ'j~1flfll'ji'lf'V'l'U'Ylrns tl ~fJ U"I~fl'U"l !'V'lfl '11 Ifl1J1C1f~'tIfl2q!"I'YltllJ\j'jWfJ~'tI'U (1,Jflfll, 2544) 

. ..,
1'11. 1 'i Gel... <!l eI 

2. "a~'U'Ufl1"a 'UlJ"a:: &fJ'U'U'fI~'U'U'U'Vt'U'fI\l~ 

t'hUfl~Wl'U l!fillfl'j~tl~ (2548) i~fln1J1fJil "flllW~flni oMlJ'j~ 1fJ'lftJ~~'U 'il::ii.. . . .. 
tl11lJ!!flfl~1~ 'lilmrneuums!flllfl'jfl'j'jlJ't11'llJ 1flfJii 2 "flllW~'¥iuflfl~l~n'U~~ij 

"flllW~~ 1 ~fl fl1'jioM~~'U!~flfl1'j tflllfl'j UlJlJ 'li!*fl'U "IflfJ 'lfl1!'tIl~'l'11 .. , 
.c:i lI] j} , t 9J .cS 9J .cS ~.c::ll.c:i.c:i I 9J Q,I"

fl1'j!flllfl'j!!lJlJ'U IflUfl 'lfl1!'tIl!~llJ~ flflfl "IClffl U"I~lJtClffl !1J'U1lifl1'j'Yl~lfJU"I~"IltllJfJ Iflm~'V'll~.. 
fl1'j'l'11i i!*fl'U "IflfJUlJlJfl1'j~fl~'U1~'U!~1 (slash and bum) i 'Uill i~lJ'j~U)'YllJ!lJlJiJ1flfJ'l'11fl1'j 

m~tll~fl~'U i~tt"l ~t~1'l'11"11 fJ~~'I1lJfl iifln!fl~ fJlJ~'U 1fl fJi oM!! 'j ~~1'U t'Yfllu"I~ il i'lJi'U~u uu 
SI 1 , I I 

,j'U1J'U'lfl !jjfl tlfll'V'l ~'Ut {ffllJ'tIlflli lfl rn 'I11'jilJ rrnn 'j tl !'V'll~lJ "Ifl~'lf 'l~n 'il ~ t~lJ tll~'¥i i 'I1lJ~fl 'lil. .. 
~lJ!! u u rns !flll fl 'j'tl fl~'lfl1! 'tIl'V'l1flrl'!~'U ~lJ!!lJ 1J!~lJ~'l'11fl1'j !flllfl'j t~ ems fi'l~rrtJ'U!~'U~'lf'l1"fl 

i'Ufl1'j!'V'll~lJ"IflU"l~~'lf~lJ"Im~fl~lH:Mlfl~Ul1J1!~'Ufll'l11'j.. .. i 'UmfllJtli'1 i~uri .,j'11'li ri1'U~'lf 

g'U"l t'lf'U .,j'111'V'lfl ~fl !~'U~'lf'jfl~ 'lfl1!'tIl'il~!~flfllJ~fl~'lf\P11lJtl11lJ~mfl1'jlJnfltl 

"flll W~ ~ 2 fifl rns i oM~~ 'Ut~ flfl1'j tflll m Uu lJ i i 'I1lJ•'Utl fJ'U 'lfl1!'tIl'¥i 'l'11 
jI I I I I 

fl1'j !flllflmlJlJij i ~uri 'lfl1t'tll!~1fl'j~m~ t1~ "1~ ()'UU"I~'tI1,J 1flfJ't11 i lJ I~'U fl1'j Iflllfl'j!!lJlJ I~fl~~ 

:M'V'l ~~ 1 flfJ 'ill~ fllJ 'j~!'V'l WU~1'il~ ilJiifl1'j lJ~ fl~'UI~'U~'lf!ff'jll! fi'il ilJii fl1'j ~1 fJ~U"I~iifl1'j ~~ ~'U 
..... ~ '1 '" ~ 0 II)I~ ~ "" 11)' ",.k0 

! l'U i 'U'YllfllJ1J1'If1'U1'U Ifl fJ lJ fl1 'j lJ ~ fl'tll 1!!"I ~ 'Y11 'U1fll l'j 'tIl11J 'UlJ I'til 'U'U'il ~ IlJ 'U l'j 'I11,J'U ld fJ'U CIf ~ 
jI I I , 

lJ"Ifl i'U'lf1~ 1-5 tI U~1~~!1'UlJ~flfJil1tllVJ'U~1!~m~lJmllJflfllJtllJ11'jwi l1uri~'UmJ.;r1'j~fJ~ldm 
~ q ~ ~ 

'I1it~ !!"I~'il~'I11,J'UtlfJ'Ufl"lJ1J1'l'11i'U~I~lJflfl 3 - 10 tI ~fl1J1fl1'j'l'11ii.,j'11!!lJlJrl'!~'Ufl1'j'l'11ii!!lJlJ 
"'1 0 '~i"llj} 9J 'JJQI .a Q.l1.c:SiI & 
I tl'Ul~l U"I~'Yllm 'V'll~q~N'U!'Yll'U'U 'U I'j'tll1'Uflfl'illfl'tll1U"I1fJ~lJ~fl'V'l'lftl1'Um 1\P11~"l flflfl1fJ C1f~ 

~., 0 ~ 0 ~ ~ .1 <!l ..... .a ... "'ii 'UlJ 'il ~ lJ 'Ufln 'Yll!fill fl 'j 'il ~! 'U'Ufln 'Yl 1!fill m UlJ lJ I'tIlJ 'tI'U fln lJ ~ fl'V'l 'If!'If~!fl fJ 1t'V'l fl'V'll W'lffJ 'U 

., i fJ/.l .d Q ': lI] QI ~ .d 4.c:S ~ .d 9J I di~ ~ '"1.cS QI

"Iflll W~ fl1 'j 'If'V'l 'U'YllfllJClflClflfl IlJlJfl1'j'V'l fl'V'l 'U'Yl '11 'j fllJ fl1 'j 'V'l fl'V'l 'U'Yl1J1 ~ Uflfl 'lfld"ll'U fl fJ1J1fl 'j lfl 'j 

(2540) i~fln1J1fJil ~'U~ii 1ilflfll'l11'j mJi'UlJ~lJ1W~~1 ilJl'r;fJ~'V'lflUritl11lJ~fl~fl1'j'tlfl~~'If (ifl i~. .. 

iltl11lJ 'QfllJ tllJ\j 'j W'tIfl~~'U ~ l'11~fl'tll fltl11lJ'QfllJ tllJ \!'j Wtlll'11 ~ ~ 'l'11 i 11~'U 'tIlfl tl 11lJ 'QfllJ 

ticS QI ~ 
tllJ\j'jWlJ 3 lJ'j~fl1'j fl~'U 
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, v 

tJ':i~f11':iVi 1 ~fl f11':i!'Vn~tJ~fl~'I1U1J1J~l~lfl tJ~fl~'If'l1ij"!~1fnn'tw'l1tJ1'U~'U 

J1'1 ~"l9iflfl'U!~'Un~1'U1'U'\J1"f11':ith~'Ii'mn~'Ul1~fl'IJ1~'Ii'mn11h~'U1 tJl'l11Jl1~fll'1f1f11':i ~'I.yh· 

1,ru~ 1i1~fllm':i1J1'1'11ij "~"MU~~l11J" 1tJ1~• 
tJ':i~fll':i~ 2 ~fl f11':i !'Vn~tJ~flU~~!~~ tJ1J~'U tJ~l'1 1~\l flln ~~riflfl111J!iYtJl11tJfi1J 

"" II) !II 'II) ""!II • 1!11 !II "" dol., 11).1" II)!II'"
"'U ~"1J1fl !'If'U rm ~Ol'l':i1'U'\JW~"'UUl1'1'Vl1 l1l1'U1"'U'Ylff1J\j':iW\lfll'l"l'l1 tlJfl1J~1J ~" l1':iflf11':i 

... I a .Q. 0 1 "'~ .a d,l 0 1" .c:I.Q. Q,I 1 .Q. Q d. QI Q 

lJ~ fll'l 'lf1J 1'1'11'U" 11 ~'Vl1 l1,,'U!fffl1J!':i 1'\J'U ms !H111~'Vl1 l1,,!qJ!fftJ 8'11J ff 'U" 'U!fl" H~! fftJfl1J"'U1J1fl 

tJ':i~fll':i~ 3 ~fl fll':i!fi"flfitJf11':il1~tJf11':i'lf~"'l'1~'I'Yl~ltJ'\Jfl'l~'U (soil erosion) ~'I 
v v 

iHJlI~tJfl~l1~ltJfl~H 1~uri fffill'l5JiJtJ1f11ff !"If'U ih~'U ~Wl15JiJ fl111J'lf'U U~~~1J fffill'l5JiJ 
v • , 

ils ~!'Ylff !"If'U f1111J ~l~H 'Yl'\J fl'l~'U fi ~'I1l'l':i':i wu~~iY 'ItJ flfl~1J!~'U 1'i1"lf1tJ""ei1JU~~~"U Hm ~'Yl1J. ~ 

v 

'\Jfl'l!~"~'U 1~1 ,r~flfl':i~'Yl1J~h~'U l"tJ~H U~~f1W ff1J'!J'~'\Jfl'l~'U !"If'U !i1fl~'U 1m 'Iff~ l'1'\Jfl'l~'U• 
tJ~1J1W~'U'Yl~tJ-j~Q u~~tJ~1J1W'\Jfl'lfl'4.f11f1~'UmijtJ1 !~'U~'U .. . . 

... Q .1 Q ., 01 II) !II "" 
2.1 ":i~1J'lJfll":i't'i1;!'U'W'U'fI&'W1~'Ugfl'IJ'U'fI\l'l fl'U 'U ~U~~f1 W~ (2548) ~"fl1i1J1tJ 
SI I SI SI 

':i ~1J 1Jrm l11J'U!1 tJ'U ~'U Vi'\Jfl'l'l11J'I1'U ~1l'\.J 1U~UtJ ~\Plfl'U1J'U ~'Iij. .. 
SI I SI SI I I 

... I a cS.a d d 0 19J ~I d QI a d ~ d 

2.1.1 f11 ':i lJ ~ fll'l 'lfl1 ~'U n tJ'U l'l 'U 'Yl1J 'U 1 '11~ ~ fl"lJ 1J ~ flfJ W~l'l 'U 'Yl!1J'U n 

w ~.: d!:i1!11: ., : 1 '''i.k ~ 
~Wl'lf'UU~~&1J'Ul'l'U'Ylll 'I1'U 1111flfll':iH'U'U1 'U ':i~1J1J'If~tJ':i ~'Yl1'U U1J1J'Ylfl'\Jfl 'I ~ flH fll':il1~1'1 ~'I!1J'U 

QI: 0 v '" J '" I QI d 9J d : .a v ",,J dI I: I I 

ms H'U 'U 1111fl~ 1l11tJ~'U H'I!'\J 1ff'Ylflff'I'U11J1flrunu 111'U fll'l!fl1J'U 1!l1'Ufll11J1J 1'U IPl 'U H'I U~~1J rm 
~ ~ 

SI SI SI I I SI 

ff 'ItJ 1111fl~1'1!~1JtJ -11" tJ':i ~1J1J'Vi fl!,r1~~'U Vi!flfJ ~':i1J~ nwViI'i'llm 'Ifll ':il1 ~1'1"l'U Uile U~~1J~nw 

9J d 111 9JQI :: I I : ~ Q,I I '" 9J 
1flmfl tJ'IlI~ ~"':i1J 'U 1111m ~1J1J'U l'11~tJ':i~'Vl1'UU uunen'I'U1 ~'I':i ~1J1J"'I fl~ 11'11111J1'U ff11J1':i 01'If 

., SI , I SI I I SI.1 ... 14Q,1"l"Q,I 1"4d4 0 Ql4dd.c:S°1!11
'U'I 'Uf11':i!l'll~lJ~fll'l'l1Hfl~" ~flfJW~'\Jfl'lf11':i 'I1l'l'U'Yl!l'lflfll':i!flfJmm':i1J ff1l1':i1Jl'l'U'Yl'Yl1J'U1 '11 

v v 

~ ~ fl" Vi''IiJ ff11J1':i0 il ~ fl~'I1!f1':i fJ~ fi 11 3 fI i''11'U ':i fl1JiJ 1"tJ~'UiJ11~ il ~ fl~'lfHfll'l11J ~1tJl1 au U" 'I 

1'U'lf1'1q~~'UU~~tJ~ fl~'I1Hflflfln)1J 1'U "lf1 'IV11 tJiJ 1'UiJl9ifl1il lI~tJ ~fl~'I1Hfl 1'U "lf1'1~'UiJu~~ 1'U "lf1'1 

... 1 ... 1 " "l I Q,I.a .dd dol d QI 11) 9J.a "l".!tQI Q,I .Q 

q~ f'l'U 11 eu ~ fl '\J 11 ~ ':i m 1! ':i fl 'U 'Yl1J fffl tJ.f11l'l "! 'I1I~ 1J l'l 'U 'Yll'l fl t1!l'l fl ':i fl fJ1~ W.f11l'l '\J fl 'I"'U ~ 1!l'l fl 

• I ... 1 ~I ' "l... I Q,I.a .c:i cS d.Q " d.cS fj) -: d ~ dI

!l'll~lJ~ fll'l '11 'U lJ~ fl ~ lJ ff1'Ufl':i 1!':i fl'U'Yl1J'Yl"'U'U flmm~tJl'U flm'lfll11J'U!1tJ'U fll'j 1'I1l'l'U'Yl ~~fl"'Yl 'Iii 
~ . 

SI I I So' SI ,
.1'" .. 1 ... .... "·.1 ~ ... .. 

2.1.2 fll':ilJ~fll'l'l1l1~'UntJ'U 'U l'l'U'Yl'YlfllfftJ'U 1f'l'U !1J'Ul'l 'U 'Yl!flfJlPl ':i m ':i1J 
I tI I , 

!~1J Vi! ~'U Vi''Ifi" nuU~ ~ Vi ~ 1"!~ 'I!'\J 1 f11 ':i! l'l1 ~tJ~ fl~'I1ff1'U 1l1W11~! rI 'U,r111 ~ l1fl1J U" 'IU~~ 
~ u 

~ .1" w 1!II. I "i old"" ., "" 1 I .1 !II ... , ... 
fl~l1~llJ~ ~flfJW~fl1':i 'I1lJ':i~ ttJ'I1'U'Yl"'U lI:::l'lfl,,'U 'U'lf1'1lJ~ltJq~l1'U11U~:::q~1':ifl'U flfl 'lf1'1!"fl'U 

I ... "i. I !II !II....,
1Jm1fl1J - !1JfJ1tJ'U U~~'I11'1!"fl'Ul'lqfJ.f11f11J - fl':ifltl1f11J t"tJlI~lJ~fll1fl1JU"'IU~11'l11J"1tJl'l'lfHfl 

1'U"lf1'1!~fl'UiY 'Imfl1J!~'U~'U 1tJ ff1'UiJl9ifl 1tJlI:::tJ~fl,r11 1~1'U"lf1'1!~fl'Ul'lqfJmfl1J - !~fl'Ul'lqff~flltJ'U 
, vJi ..t.I'" '" "i '.1 .,....I .,

2.2 fll":i 'V'W'U'fI'Ugfl'W'VUa~Nfl ~"tJU1J'IUlJ~'ItJfltJU~:::ff~1Jl'l'lfU~~Hfl 1I1fl 

1", 1 .d 0 111 '''' a.Q. rI 9J" .c:I 9J 0 Q,I .!t
fll':i 'lfl'l'U 'Yl'Yl1fll':i !flfJ~m1J1J ~ ':im1':i ~"tJfll':itJ~fll'l'l1l'llW 'I1tJU1Jtl!'\J1J'\J'UU~~1J'\Jfl1l1fl"! ':i fl'l ':i~1J1J 

~ 
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J1GlHllJ1~'Yllh1 ~'1~'1ij 1lJ l~ fJ'l'VHl ll'l~~ U~ ln~' hi f1111lJ',rijf111 'IlfJlfJ~hI~vhnhl'hi f1111J n V1 

o '1C9 gJ Q.1 j}~ d, gJ I gJ .I .d.::L::~ : ... 1 tjJ ItS d0 

'Yll'11fJih 'il'l'Yll'mn'l:l1Pl1 m'l1h11J1''If'Vlhl'Yl n'l'1 'l1~'UlhlU'I~'Vlhl'Yl'Yl1J':i ~'U'Uhll'1f'llJ1~'Yllhlt'llltl'1 1J 
iI I Iii, 

.1"" 0" 0 "'.. .1 "'I w I/) iI.s I/) iI" .1'" .1" , iI "'I" .1 "'I
lJ1 1J1Whllt'Vl fJ'I'Vl UUl'l11 'Un 'il~ nneu~ n'Vl'lf~n 1~ 'il'l 1~1J f11 1 lJ1 'UtlJ 'Iuu f11 1 'If'Vlhi'Yl t'Vll eu~ n'Vl'lf 

QI.ci oC:ll d\l]'JJ I g/QI .tjI £'I oC:ll , t 
U'I ~ ~n GJ1 'I ~ 'I ~'I IPl 'Yl 1~ 'il~ U'I' 'l1 nu1f1H f111'l1 'I 1'1UIPl IPl U'I tuu U1J1'1fn'llU '11m'! f111'l1 'I1'1t'Y11h1hi 

, " . 
o '" "I/) 'l/)iI~ "" 'i .. ,iI"'I" .1 "'I ~I'i"

Ul'l11'Utn'l:l1Pl1m'Yl 11J 1~llJhlU1Jl'1fnlflHf111'l1'11'1 'il~1Jf111 'If'Vlhl'Ylt'Vll~lJ~n'Vl'lfIPl'lU~lJ l~fJ1Jf111 

" , . 
m~hlilfJhI YJhlYilJ~ n ffl'l1 i''Utn'l:l1Pl1 m ~ijYi~hlt~hlUlJ'I'I'Ilhll~' my 'il~'l1~hlt1fJhlulJ'I'Iffl'l1 i''UlJ~n 

iI , iI I I 

YJ'lfU'I ~ Hnl~ fJf11 1uil '1GJ1tJ fJYJhlYi UUru~hI U1h1 It'l~' oNYJhlYi Yi'I ~ U 1h1'hi 'lf1 'I t1'11Yi UIPl n ~ 1'I n hi 
, iI I I 

1 ~'U 'U'l1 ~ hi t1 fJ hiYJ '1ft~ hirm'loNYi ~ hiU'U'UG]hyit~ 1J ~~ ~ Un hi ll~ 'il~ U'U til ~ fJhIYJ G)f t"lfhl 'l1 U1J U~ 'I 

n~'l1~llJ~ Hnu~~ ''UU~'1 Hnu~~ ''Ut~fJ1 HnU~~f1UU Hnf11~'l11'1'l1'1t1 Hnf11~'Il11lJ~ U'I~~11 
~ 'jJ .l.d QI J ~ .l .d d .... , ,...., ....d I l' 

tlJhllPlhl 'Vlhl 'Yl'ln'l:lW~hI 'il~tlJhI 'Vlhl 'Yl'llhll~mnulJ'I'It~fJ1UIPlU~ hllllJ'I'I'Yl1J'Ilhll~ myun'Yl himwn 

d.l .d d 1.:::1 I "l I.e::. QI d ~.c::I .c::I':'.d v 
In'l:llPl1ns 'Ul'l11fJ1J'Vlhl 'Yl'llhll~m nUIPl1J U~'l1 'IlfJUlJ'I 'I 11J1Pl ~ nhln 'il~, 'lf11'i'l1~hI t1fJhI'Vlhl 'Yl'lll1JlllJ'I'I 

1 22 

~ 

3 4 

w ,iI.l". 1 "'I c: I .. ~ "j d 
'illnfl1'Vl 1 'In'l:lW~f111 'If'Vlhl'Ylt'Vll~lJ'In'Vl'lf 'il~t11J'illnulJ'I'IfJUfJ'Yl 1 GJ1'1t1JUtn'U 

'" 
~'I~iilPltU~'il~'il~t~1Jt'Vll~lJ~nYJ'If'hllllJ'I'I~UfJ~ 2 1lJttUfJ'1 'ilhlm'U~'1 411lJ'I'I~UfJ 1l~'hI'Ul'lflf'l 

I 9J , fJ}':'.a 10 ItS ItS 

tn'l:l1Pl1 m 'il~'l11;!hlU il 'I '1fJUfJU'I1UIPl 'il~U~~1n' hif111' G)f'VlhllJ~n'Vl'lf 1~ fJ 11JfI1h1 '1\1 '11 ~'U'UU uuuau 

Q.1 ~ .d ~ ~ ,:. d ~ 9J I oC:ll QId' fJ,J':' .a I, 
1Jlnhln 'Ul'lflH tn'l:llPl1m 'il~ 1J f111 'If'Vlhl'Ylt'Vll~lJ 'InflH'l1 hi 'I'll U'1'Vl hin GJ1'1 U'I 1 lllPl'Ifhi~'Vl'lf~n 11'If1 'I 

, iI 'JI 'I 'JI '" 'JI 

'~Yiij11f11~ 'I mwih11h1'm1J'il~t~hlYJhlYiYiij'Wl'oNlPl'lu~'Vi'ltl 
w , 9J ,.. d'dQ .d 9J .4 0QI QI 

'ill nfl1'Vl 2 'I n'l:l W~ f111 G)flJ 1 ~ IfJ'lfhl n ~ hi 'Yl'G)f' hims t'Vll~ il ~ n'VlG)f~ nu1'l11 'U 
, i/ , iI • 

tn'l:l IPl 1 m YiijYJhlYivh tn'l:llPl 1,rUmt~ ij U~'l1 '11 fJUlJ 'I 'I m ~ 'ill fJnhi1 lJ,hiYJhlYi'IIU '1'l1 ~1! 1hi nu 
iI I iI 'JI I 

.c::I .a.c::l<v .c::I ,,,.a.c::l ... 1 .a.c::l 1 ... 1 I 0 d I .a QI 

'l1 ~hlnfJhI'Vlhl 'Yl 'I n'l:l W~hI f11 1 'If'Vlhl'Ylt'Vll~lJ ~n'Vl'lf'il~1J f111U'U'IU lJ '1'1 fJUfJ'Yll'Yl 'I~U1h1t'l11J UhInhl 

.I 1Q1.ld,.Q: 4l!11j} tjJ: d fjI.l,d,J'
II'I ~'Ilhl U~n 'U'Vlhl 'Yl 11 1J':i ~ 'U'Uhll'1f'llJ 1 ~'Yllh1 'l1 1U t1J tll' n'l1 ~ 'U'Uhll'1f'llJ 1 ~'Yllh1 n 'il~, G)f'Vl hi 'Ylhl 

'"""~I ' iI '" 0.1 .1 "'I ~I '""d, iI 
lPl'lU~'Yl'llJ UlPltllmfffJhllHhln 'lft'Vll~lJ'In'VlG)flJ'I~ 1 - 2 I'll'! 

'"
 



~~H f.Lut-~~f;!H!f;~~J M,~~u(" @~ l,!hubIA,lt1~f.fLt-@.LmU1U@Qt-fUmf.LrtL.~~~Hf.LUI1I1~f. M,~M,U1 

n Ib n Ib 

@.IHt~~~n rtt1~~ ~t.~ @~~1A,1 rt!Ul,PIA,1 L~1 @~m UbLQ @~~ t-rt @rt!~@U1LUfL M,iM t-~IA,M,M.M,I111rtM. 

I 1=1' ~ : r IA. lit" I 1=''' I F'r p I'l) 

~LJ(.,rt~Ut-@ I\. M.~t-,!?1111n~~H f.LU M, h~ 11.tt~~I1I1~f. M,U1t-~~ M,~ M,11~~H f.LU1111 ~f.
. .,. 

rU~f.UUnA.f.IA.Qhil1lA.~f.U~H~~nt-1ilA.ru.Utl1rtn.nn.ll1l1nlJft,mLM.t-ft,lhi~Hn.I1~f. '£ ... ". I "'... iSiS p ... ... ... . .. 

~ L t-Lllf.Lmt.!("@~~M,m\;J@~M,Qyt-~ M,.ttt-~ t.Lf.~t-k~M,QYU~ 

,. ,. 
M,~rt~~~UfLrtL~ M,~LRrtm@~1t-t.Jt.L1\.1~~M,UL~t-~Ut-t.J(., f.1 LH1f.LUL~Urtf1.1~~ s M,@~ml\.t-t.J(.,t-ll@rt1 

1=l' '=" Ii" I (6 :' I'l) I Ilit tp Ii" r I 57 ~ 

IA,rt~t-Unrt1 U1 @M.1 M,@~1 I mLrt~f.fLWUM,I1Yf.1 UL~~~M,M,UL~ rt~LM,rtM,Q~m~@f.UllM,M.WrtU 

t:J' (fi (fi lit,," \? I,:i I lit ~ 1=l' (fi P Ii" Ii" Ii'" It) 

M,@~mL~fLM,~~f.m~~nM,@~1 I mLrt~f.fLL~UJ(.,b~~f. 1 t-Lllf.LU~~llA,rtM.rt~f.~1f.LU 

I? ;' P'" (fi Ilit F' r 1=l' 

t-@m,ttt-QI\.t.~~ ~1~LJ(., rt f.f.II ru ~ M,~ t-@I\.,!fif.i\rt~ 

rt ~@rtLt.~ ~ M, M; n.U~!i b @~m~u~ n.UM, b L~t.Yt-t.fl.~!i bLlit [bUbLlit trt I1~U M, @~~ @~t-~ ~ un Il ,. . . ~ 

o 1-~ r.1 IA,rtM.~~f.LUrt~~M,~UM,rtUf. 1 LIA,f.LUrt1 U~UM,rtH~ltlf.I1@M.Yt.LI\.U~rL~~~~lM.J(.,t-~l1l1n~~H It: IItI=' . ,.Ii" J=I' J=I' • lit 0 "I'l) It:' 10>' Ii'". (fi I"" y::. I'l) t:J' 

f.LU rtt-~ nnr,m ft Ufo1 LIA, f.LU 1111~ f.M,1 M,~IA, M,Jf.~1 ~ f.fLJf.1 f.LUnn1RHl.M.f. f.I1UL ~ ~@ IA,I1 u IA,L IblbrL 
r=r f" J=l' I lit 0 " t7FP " (, It:' p F' I,; 

rtUJ(.,1 f.LUrt~~ @1b~@U1LUrLt.LJ(.,t-@I\.~~@rt1 ~t.J(.,llt.rt~1~n IA.rtM.t-IA.~~f.LU cz 1::7 J=II' I=l" "t75='I='t:r lO' I Ii=' lit (fi" . .. .. '=' 

(8t'~Z '~m~ 

~~nJlM,.ttQ) I ~1lM,bl1,Vt.~~mfl.Y[bubM,~rt~1~o.~ £: ~1lt-~Lrt@~1 ULrt~~~H~H~L t.L~Ut-~~mRU~ 

~~ 

M,~IA, M,1 f.1 t.LI\.U~ rLf.LULt.U@11M,LI1t.LJf.t.~n @M.t-~M.1H~@t.LI\.t-@I\.f.LUl@ M,nm M,LM, UM,@ UU~rL 

b' J=I' (,. lit It l" I (fi If) J=I' I (fi It:' It) (fi I l" , ,. 
~o.~KRf.}J1J(.,~UL~~~nM,~M,bt-L~U~t-,!?~~~~~L@~~1 U~~~Pbt-@~rtU1L~[bL~Lf.M.1t:t-~ ~Lt.L~U~fL 

II " IC 

f.LUQ~M,'v~LI.QfLrt~!:~ rt~Lt.M,~ -rt~WRbM.n@~1t-t.fl.~nt-~~M,~J1'J(.,~1 ~f.fL~b~~~M,.ttULo. Uf.nll 
I ,,~ "" 

11,Vt.~~mfl.1 M,~LRrtY -rt~LWrtM,@~1t-t.fl.rtbHrt~U~f.LU~~o. Z ~llrtbrtt.P M,~M,I;P ~fLt.LI\.~LUU,tJ 

eun ~t-UHU~LUU,tJ ~@~~~~U,tJ t.~~mb~~~u,t:1 t-~1mb~~~u,tJ ~fLL~U~U M,fl.1 l,M,~~!:J(., 

~!JKRf.}J1J(.,~U~fLrt~!:~l\ rt~Lt.rt~ -M,~L~M,,VM,@~Yt-t.fl.~~n t-~nrt@UU~fLrt~!:~l\t:t-t.fl. rt~LUt-g 

,. 
-rt~WRbM.M,@~YnJ(., @~ L~Ut-t.J(., Z ~1 U~rLllf.LrtL~~l\l\UKRf.}J1J(.,M.U~rLU@~1f.LU~t.~ I IA,rLM,~rtf.1 Ii" I Ir' I (fi lit I... t7 J? I ... Ii" (fi pi'; t1i ~ 

LII M, ~IA, M,J(.,~1 ~ f.rLJ(.,1n.Urt ~ l\ rt~ Lt. M, s-rtuurnb M. t-Lt. U~ f.t.L rt u~b euM,l\ M,M ~ b rtt.~ M,~ Larn (fi t:rpp I""(fi "J=I' I'l) I 57t"" I 

-rt~LWrtM,Q~1Ht.U~.trt@.t~b~~nt.LM,U~b~L~rLt-t.Jf.M,1 t.1 M,~UM..tLUrt~l\ sum LI\.1LM,IA,IA,M,M.mW Ii'" I (6 I"" I h1611t t7 It) I=' 5='1 L1." 0J="I:' J?Y=7 
IIII " 

M,b~~n [bUb I ~1l11,Vt.~~mfl.m!JKR.t}J1Jf.~rtftULrtl1~U~l\~ £: ~1lM,b~~n l\!JKR.t}J1J(.,~~~n~Lt.L~
.. 

t-Lt.U~f.M,~t.mftu~l\U Z IA,rLrt1 L~Ut-t.Jf.UiA, M,~t.mftUl\UKR.t}J1Jf.M.U~rL.tLU~t.~ I IA,rLULl\M,~rt.t1 I 1=l' p F'lir" I J=l' b Ir' I U (fi F'I~ ,,~ 

tu @~M, M, rLrtLI\..t1 t.LI\.~~nl\uK R .t}J1J(.,M.M,~t.mftu~~nrLHt.U~.t M,1 ~Wl\U KR.t}J1J(.,M. M,~t.mft U 
tfi Ir' ~ I~ "I lit (fi t7 Ii'" s::r I~ I "t7 Ii'" I=' 

.tLU~ ~l rLt-IA,~@ ~~IA, M,M. rtJ(.,~l ~ .tfLJ(.,1 uure M,l\.rtI\.1H~Q IA, rtM.Jf. b.tL Urt~ l\t-llL 1\.1LM,IA,IA,M,M.m W 
I'; ~ F' :' p (fi " 1=l' (fi tfi I F' r(5 1=l' 57": F' F' r I=' 

M,1 1A,M,M.M,~t.mftU.tLUM,@rtU1~mRU~M,1 ~~t.M,nJ(.,1 ~l\Wf.~RU1 J(.,M.rt~t.mftU.tLU 

191=' . ,.Ii'" 1=l' J? I'l) b t7 "" Jrr 1=l' 

81 
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.,rl1'Wl!n'W ml'fl iJfl~.:I~W'll'W '1 'W ~'W 'W l~~lJ'W~ff .:I!'lf'W lJfll!flfl~rufl U'I~"lfl~~'W i l ~lJlJfllHIi1~~
ciS q q, u '" 

ijflll Hi1~Vi"lfr:rm~.:I'Vlltii"lf6lJ'W~'W~~.:I'I1~~'W11~fllJ~ntu'l1~!'\Jl '~ufi 'I1~"lf'W~.:I !n'W~'W ufi!~~ 
'J/ o'd"" s d d 'J/': d"j _I 'J/ "l 

~ il UulJ fl U i "lflJl ~ 1 tI"lf'W n~ 'W 'W fl fl ~lfl'Vl 'W 'YHflll~ ru 'W n ~.:I U'll 'Vl'W 'Yl fl'W "1 ~ ~1J l ~ fl eu~ lt1 ~ l 
I 

did "l I ?I fJ/ a'JJ:::J. Q.I ~ ~ oQ ~ 
l'I~'Wntl'W tlll1~'Wntl'WU'l~ m:ll1l !'U'W~'W (f'l'Wtlll1m'Vlm'Vl~H'IH'I~'Yll.:1flll!flll~l,2547) C)f.:lflll
•• OJ 

~ 0 d fJ/ ,1 0 i f)/d ~.d Q.I ~ 0 ~ dd
!'Vl~1I1'Wl'W'\Jfl.:llJl~"lflm~U 'W 11'W~ff.:I'\J'W m nums '\Jtllt1'Vl'W 'YlmfftlU'I~'Vl'W nmms!flllm C)f.:l~ 

OJ 

nll~tI'Yll.:1~l'W!fflllin~ ff.:lrl~ ms!ijfl.:lU'I~'W lt11J1t1'\JflUl1rl~i vb i M!flll ~lmijfllllJ~1J!lJ~tI'W 

msV11!flll ~l Uuu~.:I~'Vlm! n'Wms V11flU !flll ~l UlJlJ'VlltU"lf61 ~ tlijfllllJ ~flVi"lf!~.:I!~tllUuu 
'J/ 'J/ i jlA .d ~ : ~ I ~ ~ ~ i'J/'" 'J/d Q.I 

!'\J~'\J'W U'I~~ ms "If'Vl 'W'Yl!~ uUuu C)fl~~ ~fl fl'W!uumnu 1'W !'Vl fl H'I ~ 11 'Vl fl nun:n~~ fl.:l ms'\Jfl.:l 

fJ/~,. c!l d i fJI..:t1 d 0 Q.I ~ ?I 0 ~ ~ ~ 0 ~Q.I 

rjlJl ~flrlll.:l~ms "lfl,l mrl~ ffll fllll~ff~~'Vl"lf!'U'W1I1'W l'Wmfl C)f.:llJ l.:1rlH!fl'W rll1~ 1I1!'U'W!flll~lns 

~.:I'\Jl~rll1~ rrll1~!.,rl i 11 i 'W flllV11!flll~l~~U'I~\!fl~fl.:lm~11~fll"lflflU V11 i MijH'Im ~'YllJfifl 
>J 

ff~'!J'~'\Jfl.:l~'W l1.:1'Yll.:1~l.:l!W~ i 'W'Yll.:1Vfl~ H'Im~'YllJ'Yll.:1~l'W ff'\Jfl1'Vl ~Hi1~U'I~ ~lJnflrl V11 i M!n~ 
• OJ OJ 

hrlt1t1'.,r!~lJfivJ"l 

~VlffU'I~tuHfl (2547) '~fffllll!lJ~tllJrntllJ ms!lJ~tI'WU il 'I~rll1~~~~ff~\!l W 
'\Jfl.:l ~'W i 'W l ~ uu fllllJ'I flr:rflt1lJfllllJ'I fl'~H'I ~l'WlJ lfl ~'W 1Ol1lJ 'Iff~ !iJ.:I i~ 61!fl flff~!iJ.:I ~.:I111~ 

OJ OJ 

!~tI.:I i mJ 'VllJil i 'Wufi 'I ~ l ~ lJlJfllllJ~ flVi"lfU ff~~ i M!M'Will ~ ~lJ '\J fl.:lrll1~~~ ~ff~\!l W'\J fl~~'W 

'~ufi filml~!n'W m~!i:I'W ~h~'\Jfl.:l~'W (pH) !lJfl{!~'WI.l~'W'Yl~ tll~Q i 'W ~'W lJ~~ltu ~flff~fl~ ff~!n'W 
_I ,. o'i "" _I"",. d d _,d "l 'J/ _I"" d d _Id "l 'J/
IJl~ 1tI"lf'W 'W~'W IJlmtu ~'VlU'YlmC)ftl~'YlU'ImIJM'Wt~ IJlmtuUrl'l!C)ftl~'YlU'ImIJ'ItI'W~~ U'I~ 

I. >J 

lJ~mtuU~ flihCHtI~Vi U'I nnl ~ tI'W 'l~ lI~ij filmfl i 'W ~'W ~'WlJ 'WU 'I~ 11 ~ ijfi1'1~ '1.:1 ~1~ ml~ ~ fl'\Jfl~ ~'W 

ff~ ln tu (2548) '~V11flllffflllU~lJlJHi1~'Yll~flll !flll ~l U'I~ l~~lJrll1~ ff~ ~'W 
>J, >J 

i'WVi'WVi~mh"l'W ff1J'W m&ffflllll1~~l'Wfl1 iffU'I~11~~1'W'I~!~1t11 ~.:I111~tll'W 'VllJil ~l'Wflliff 
" I II , " I 
~ d .... 1 fJ/,. ~ d fj/ "l' d Q.I " Cll .... 1 ll!I .c:S .. 1 fJ/ 0 

'Vl'W'YlIJ~fl'\J11 t'Vl~ 'I'W1I '\Jl1 ~l m~~lJml~~~~ff~\!ltu'\Jfl~~'W1J1'Wfl'll~U'I~'Vl'W'Yl1J~fl'\J11'W1~1 

ijl ~ ~lJ rll1~~~~ff~\!l w'\J fl~ ~'W~1 U'I~!rifllJ l ~!iJ'W rll1~ff~~'W 'Yll~ flU! flll ~l 'VllJl1~"lfi1~ij 
• >J 

~ d "l 'J/ I 0 i'J/i .., 0' ""d 

IJqj'l11~lfl'Yl~~ t~Ufl rll1~!'Vltl~'Vlfl'\Jfl~'Wl "If 'Wflll!flll~l l~~lJrll1~~~~ff~\!ltu'\Jfl.:l~'W U'l~ 

fln ~ ff'Ylii 'W ~~ 'W V11 flll!flll m U'I~ ~1'W 'I~!~lt11 l ~ ~lJrll1~ ~~~ ff~ \!l W'\J fl~ ~ 'W fl~ i 'W l ~ ~lJ lJ 1'W 

fl'll.:1 U'I~ !rifllJl ~ !iJ'W rll1~ ff~ ~'W'Yll.:l flll !flll~ lnru'l11~'VllJmfl~ff~i~ufi fln~ff'Ylii 'W ~~'WV11 
u • 

>J , >J 

flll !flll~l '\J'Wl~Vi'WViV11n'Wu'l~ml~!Vitl~'Vlfl'\Jfl~tJli ~i 'Wflll !flll~l 



• • 

• • 
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QI ~ \I) 'jIt::9 4 .4 Q.I tI Q.I 

'J)'W 1WJ'W u'l~flW~ (2539) !~i't'fl1l1l ~'lJ'lJ~'IHHnJ Hff1'WtYHl fll'HllfHl fl'YllYW1m 

~'W'lJ'W~ff'l ,jnj'1~t;fJ'Il1fJ ~'lJl1 pH '\Jtl'l~'Wntl'WlJ'lfl~11 6.3 'I1~'1fl1llJ'lfl~11 pH 5.3 ~'1m'iJ.. .. .. 
t~'W H'l1J1'iJ1flfl1l'lf~~1'1'\Jtl'l H'W Ll'l~fl1l' ri~fJi 'W 1\01ll'iJ'Wlrltl~fJff"llfJ~1'iJ~Vh' ,"~'WI~'W m~ ~1 
• .1 •.1" .1 ~ .di " .,; ".1 v .do ~ ~I

ntlffntllff fltl'Wfl1llJ~fl'\J11 10.4 ppm Clf'ltl~ 'Wl~~'lJ\OI1 'I1MlJ~fl'\J11t~1J'\J'WtlJ'W15.05 ppm 
, ... 

ff1'11i''lJ 1~U'Ylm9ffJ1J tl~l~~'lJ~'1ntl'WlJ~fl~11 418.8 ppm lijtl'l'iJ1flYl'Wvh~'Wh\n1Ll'l~iifl1ltH1 

1'1fYl'lft~tllJ~flYl'lfntl'W'Yl~'ltl'l'I1~'1lJ~fl'l~'l'lmi1tl 243.8 ppm fl'W 'Yl~ fJ1\01Qntl'W fllllJ~fl~11ii 5.3 

.1 "d " ".1 ~... .1 "d "..It ~.I ei ~ "" "".,
IlJ tll tClf'W \01 '11 'l '1lJ~ fl'\J 11t'11 'l tl 4.9 tlJ tll tClf'W \01 t'W tl'l 'iJ rnrm 'If~ 'll'l '\J tl'l H'W 'Yl'lf~ 'l1'1 tl'W 'Yll fJ1\01 Q 

tltlflilJ 
, .. , 

'l!~ \OI1Pl un~ flW~ (2547) 'l~.yh ms ffflfl1flll tlJ~fJ'WLllJ 'l'l ff1J'!J'~'\Jtl'l~'W''W Yl'W Vi 

.1 ., "" """ '1 "ll]~' "., '1 .1 "" lJ'lflHfltl'W'YllfJ'\Jtl'l !flHflll'l1m'l 5 i't'WJ !~Llfl i't''WfJ~WJ'W1 tflHflll'l1'l1'1lJ1'1~~ 'I1'Wtl'lmw nu.. .. .. 
'Yl'W'W't1 Ll~Ll~ Ll'l~~l'1'\JH ~'lJl1 ~lfl111Jt~'Wfll~t~'W~1'1'\Jtl'l~'W (pH) '\Jtl'ltT'WVc1J ~1'1C'j iiflll 

tlJ~fJ'WLllJ'l'l1J1tl~''W'Ih'l~m1J1~ff1JIurm Hii\Ol ~fl1~fJ~1 ilJfJflt~'WtT'W6c1J ~1'1'\J1'1 V'l~tl'lflll~'W 
, QI ~ QI a.4 ~.c::I 1'" d .d. J rI I0 

'WfllllJ l uil ~ '1~'W ff1'11l'lJ'J) lIP.! tl1'111lWlft)'WC'j 'W'W1J H'W 1 'W 1J 'iJ~ til 'lfJ'WLllJ 'l'lt~1J '\J'W 'fJ fltT'WfJLl'l ~ tl ~ 

, 'W l ~~'lJff'l1 ~ fJm ~1~i't''W6c1J fl'W 'Yl'W'W't1 iilJ~1J1W 'J)l\01~ tlff~ tli'ffLl'l~1 ~Ll n fft9ffJ1J1J1fl m 'iJvh''" .... . 
'J)W.! tl1'11ll Yl 'If' 'W ~'W '\J 1~ ff1J~ 'l lJ~ 1J1Wfl'W 'Yl~ fJ1\01 Q'\J tl'l'fJ fltT'W Vc1J tl ~, 'W l ~ ~'lJ ~ 'I~'1 ~ '11J 1fl ii ~ 1 

1 'jJ Y tI , .c::I ... I.e::. .e::t. .c::I QI " .,. I "'I 
l~'I111'1ltlfJ'l~ 3.15 - 8.10 fJflt1'WtT'WfJc1J U1JU~ 1JlJl1J1Wtl'W'YllfJ1\01Qtl~ 'Wl~~'lJlJ1'Wfl'll'lt:l'l~'1 

fllliilJ~1J1W fl'W'Yl~ fJ1\01Q~ '1't11',"~'Wiiflll~1Jlf1 i~1J1fl~'W iifl111J'I1'W1mJ'Wh1J (Bulk density) ~1 
0'''' 4.d :dJ .e::t..d.QI'Yl1 '11 rnstfl"leu 'Yl'\J tl'l'W1tl 1'\J'W'\J W~ ~'W tl1J\OI 1 

~'W,jfffli U'l~t1flii~l (2548) i~ffflfl1H'l'\Jtl'lflll tlJ~fJ'WtllJ'l'lflll' ~~~'WLl'l~ 

riluuurrul~~~'W~tlflWfl1~~'W~'I1~~l'W 'l~t~lfJ1 1P11'lJ'lff~t UfJ'W ihtfltll1i tl'l ,j'l'l11~'I11'W ~'lJl1 
~ ~ ~ , 

jI , I I J/ , 
4 .c::I , 9J Y.c::I.c::I, Y.c::I.e::t. 'QI .e::t. , 4 .c::I ... ~'I, "" 
~'W'Yl fllllflfl \OIl '\J tl'l'l11J'l.J1'W 'l~t 'lJ1fJ1'Yl1Jflll 'If'Yl~'WU\OI flm'l nu flWfl1~ ~'W 'W~ 'W 'YllJ1 'lffftlfJ 1J.. . 

J/ jI I t.I 

ti1tl~'WI~'W~'Wi1'WmUfJ1 ri1'WYl'WViiim~1 Yl'lfii U"l~i~H"l iiti1tl~'Wt~'W~'WmUfJ1 1~fJ~'W 
jI I I I 

Yl'W Vi Vi 't11 flll tflfl \OIl 'iJ~ii~lfl111J'I1'W1U 'I1'W l11J'\Jtl'l~'WU"l~fi 1 pH ~ '1fll1~'W Vi i~ i~'t11fllllflfl\Oll 
, .. 

u~lJ~1J1W fl'W'Yl~ fJ1\01t:lU'l~fl111Jff11J1lt:lflll U'lmlJ~fJ'WlJl~ 'iJ'lJ 1fl l 11J't1'1lJ~1J1W 1~U'Yl m9ffJ1J i~ 
J/ I t.I I 

iifl111JLl\Olfl~1'1ti'W ~1 'lu1\01lt'iJ'Wl11J~'lJl1 ''WYl'WViYl'lfiiLl'l~~'WVi iit'l1 ~l'iJ~iilJ~1J1W'lu1\01 l t'iJ'W 
jI I jI " jI I I 

l 11J~'1Ll'l~~1~tlff~tli'ml'l~~lflll'lll i ~~l'\Jtl'l~'W ''W~'WVi i i m~l 'iJ~~ '1fll1~'WViu'WC'j 1~fJ~'WViVi 
.lei. 1 .: ei .'1 ~.: ei 0 , ~ "" '1 .di ~lt

\jfltlJ 'l fJ'WLllJ'l 'I 'iJ 1fl~'W 'YllJ11J1tlJ'W~'W 'Yllflfl IOIlm '11 fJWfl1~~'W !~ fJl 11J'l ~ 'l'l Clf'ltlJ 'W H"l1J1 'iJ 1fl 
jI I I " I 

., , 4 .c::I .c::I\l] 1 .c::I .c::I Y.e:t. "l Y Y .e::t. 4 .c::I 

'iJ~flll 'W~'W'Ylfllllflfl \OIl'Yl !1Jm1J1~ff1J 1Jflll fftlHfffJ'I1'W1~'W t~fJflll'lf~'ll'1'11'W 1~'W tltlfl'iJ1fl~'W'Yl 
.. " 

jI J/ I , , 

fllllflfl\Oll l11J't1'1iiflll'~~'WVimh'l~tllijtl'l't11''"~'WtiYtl1JflWfl1~'l'l~'1ri'IH'lfll ~'Yl'lJ~tlflWfl1~ .. 
~'W 't1'1 11 'iJ ~'!J''WLl'l~ tl'W 1fl\Ol 
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fffln~l U'l~~tJnflfl~ (2550'U) ffflfl1~tJ'Yl~6m{iJtltJ'jtJUiJiJ9lVJ~itJ~tJfl1tJi~. ~ 

msi ~~~tJ i tJ rnstflll91'j t1th:l9ltll~tI.:I i tJL'U91~lJJ1~tJ ff~ tJ ~nd'~'l-htJ V'liJ ';h fl11lJL.,!lJ.,!tJ'UtI.:I 
j/ j/ I j/ 

~tJ'Yl~6m{iJtltJ (SOC) ~~l~.:IU9l~tltJ'l~ 1.60 - 2.82 V'l1Jil SOC ~~l"I.:I~~itJyttJYiihtJ~fll1.:1fftl.:l 
.c:..ci .c:. .d j/ 0 ,~ v j} .cS I d'~ iI I

'll'tJ~ Glf.:lff .:Ifl1l~tJ'Yl i 'll'i tJfIl'j'Ylllf11l91l tltJ1.:1LtJ tI.:I U'l~mllJL'UlJ'UtJ 'UtI.:I SOC 'il~lJmtltJ!flwCV1911 tJ 
~ ~ 

j/ , II , j/ 

yttJYilj!l1~lU'l~yt'UYii~tJ'lfl"!11tJl~1911lJ~1~iJ ~~1~.:IU9l2.73 4.72fl1llJL.,!lJ.,!tJ'UtI.:I roc ­
~ 

fli'wfihfli'lJ V'liJil roc ~~1"I.:I~~ i tJ~tJ~tJ~fI 1~H'l U'l~~~l~l~~ i tJ~tJ~tJ~fI.,rl1tJ1~1 l~tJ 
" 1lJ~fl1llJU91f19l1.:1titJ'Yll.:1ffi)~ ~lfl1llJ!"!lJ"!tJ C LPSE ~~1~.:IlL9l24l - 3,459 ~'l~fli'lJ/fi1'lfli'lJ 

~~1"I.:I~~ ;ltI ~'U~I~'Uihi ~fftltJ 1~tJiifl1llJU91f19l1.:1ti'Utltil.:1iiirmYltity'Yll.:1ffi)~ ~lfl1llJL .,!lJ.,!'U 

" 'UtI.:I C FPSE ii~1~.:IU9l760 - 2,474 iJ'l~fli'wfihfli'lJ 1~tJllJiifl1llJU91f19l1.:1ti'Utltil.:1iiirmhtity 
I j/ j/ I 

'Yll.:1ffi)~ ~'U'Yl~6m{iJtI'Ui'Uff1'UYit11!!'l~t11~tI'UYiffti~1~ (Ater and hot water soiuble organic 

" 
carbon, WSC and HWSC) V'liJiliifl1llJl"!lJ"!tJm{iJtI'U~.:IU9ll7.6662.14 iJ'l~fli'wfihfli'lJ ~'U-

.d j} 9J,. .c::I I ~ di iI ='I l.d I' ?I d' .c::i
'Yli'll'tJ~fI'Ul1 ~V'l~ lJ WSC t1:.:I~~lL'l~"I.:Ifl11~tJ'Yl 'll'LlJ'UV'l'U'YltJ~flihff1'U HWSC LlJ'Um'jiJtI'U'Yl 

" " dI
ffti~~ltJt11~tI'UtlWl1fliJ 80 tI.:IfflLGlfm~tJff ii~ll9i.:lU9ll02.33 - 160.62 ~'l~fli'lJ/fi1'lfli'lJGlf.:l 1lJii. ~ 

fl11lJ lL91 fl9l1.:1 ti'U'Yl1.:1 ffi)~ 
oC:iro QI flQI t=t .c:9 QI QI tI I d QI ~ ad' 

t1fl'li~l lL'l~V'l'U'Iifffl~ (2550fl) fffl1l1fl1llJ fflJV'l'U 'Ii'j~l1 11.:1f1l'jLfliJ'jmnsun 'j tJ 

m{iJtI'U'UtI.:I~'U~iifll'ji ~~~'U!! iJiJ9l1.:1~ !!'l~fJWfl1V'l'UtI.:I~'U 8 1tJUiJiJ mnms fffl1l1V'liJil rm 

d QI Q dtl d' I I f I 9J c:9 Q 1'j/
inu 'j fl1I1t1tJ n 'j tJm'j iJtI'U ff1'U 911.:1~ 91 nrn 'j tJtltJff'll tJ ffl lJ1 HI ff~'Yl tI'Utl.:lfJWfl1V'l 'U tI.:I~'U ~ IW~ 

"'i QQI tI IQ.c::i O .c::I,-i1 dQl tI 
ffllJ1'jtl'UtI.:I~'U urnstfliJm1l1m'jiJtI'U mmaunmrns tflll91'jlJ!!tJ 1 ~ uurns mu m1l1m'j iJtI'U 

j/ I j/ I 

l1.:1l1lJ~i'U1tJ SOC U'l~!~iJi'fl1l1 Labile carbon i'U1tJ C LPSF, WSC !!'l~ roc \p~hflilyt'UYiih 

UiJiJ9l1.:1~ !!9lfll'j!~iJi'fl1l1m{iJtltJff1'U FPSF lL'l~ HWSC J'UllJffllJ1'jtlff~'t1'tI'Uiin~~iJfl1llJ 

i 'j/d", 1 'j/., 
~tJ!!H'UtI.:IfIl'j 'll''Yl~'U ~'ll'~!'il'U 

'UUll!l (2537) fIl'jfffl1l1H'l'UtI.:IfIl'j ~~fIl'j'Yll.:1f1l'j tflll91 'j i tJ 'j euu Iflll91'j &.:ItitJ ~ 

ii 9ltI fflJ,j~ 'U tI.:I ~'U LHl ~ ~.:I ii ~191 i 'U~ 'U V'l uil fl WfflJ,j~ 'U tI.:I ~'U rn tJl1 cr.:l ~ ii fI1 'j ~~ fIU 'VI 1.:1• 
'j/ ~ "'I '" ,. 'j/ • ,d 1 i d q J' '" I 

rm Iflll91'j~ltJ'j~iJiJ!fl1l91ltJ.:ItJtJ uutJ 1 ~ 'UlJ'UtI.:IfIl'j IlJ'ltJ'U!!tJ'l.:l il 'U'Yl1.:1'Yl~'UtJ V'l 'il1'jW1'illf1m 
........-'""'~_~l. j/ ~~~".......'.... Mllc .. ·.,,,·>"'~,~'ot
 

nnumu 1'j tl i tJ fI U ~lJ 'U tI.:I ~'U fl 11lJtlI'U i 'U~'U tJ~lJ1W ~'U 'Yl~ tJl91 Qi 'U~'U ~91 'j 1 ff1'U 'UtI.:I 

ff1'jtJ 'j ~ nnum {iJ tI tJ9l tI l'U 191 'j 1'il'U tJ~lJ1W 1'U191 'j! 'il tJJ.:Il1lJ~ i tJ ~tJ tJ~ lJ1WvJtI ffvJ tI i'ff~!~tJ 

tJ'j~1tJ'll'tJ tJ~lJ1W 1 V'l!!'VIffLGiftJlJ~ffti~ 1~ U'l~fl1llJ~lJI9i1~ltJ~l.:1'UtI.:I~'U!l1~1'd' ~ii~l!~lJ~'U!l1'U 
" • dI"1~.;r~ 'UtlfI 'illf1ilfJ.:IV'l iJfl 11lJl1 'llf1l1 'l1 tJ'U tI.:Iff.:Iii~l91 i tJ ~tJ U'l~!l1 i1t1~ tJ Glf.:l ~~ il!~ 'UI9i1~1~ fl11lJ 

fJ~lJ fflJ\j 'j W'Yl1.:1~lfl1V'l'U tI.:I~tJ 1 ~ tJV'liJ ~ .:Iii~l91V'l 1fl1 ff!~ tI'U~ 'U'j tI.:I 'l.:llJ 1;1tlV'l 1flUlJ'l.:lfl~ lJ ~1.:1 ~ 
" , , 

91~'UliJ lLlJ.:I~lJ !!'l~fi.:lfitl911lJ~ l~iJ ff1tJ lLlJ 'l.:l!l1i1t1~bYiV'liJlJlf1Yi ~~ ~~ tI~i tJ Order Coleoptera 
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a .s '1 ~ d""I I 

'HNI:1.:1lJl fltl Order Homptera Diptera U'l~ Orthoptera Clf.:lUlJl:1.:1'YfUffTU ~'I1tyt1J'UUlJ'l.:l'VIlJ 

U'J~ 1tJ'll',rtl~N t'lf'U UlJl:1.:1~'ni'l UlJl:1.:1~';HUtJ'U ml~UlJl:1.:1~fflJtf1ff'J 'IJtu~A~tJln'U~iiu'Ul 1Uml1 
gI .c:::. .t::ll Q G',d ::'I ~G) a a .cS .cS .t::ll")"' Q,.f.c::l .d..l gI ,.

t'l1U'J1J1tu~I:1'U'VI'JtJ'VIt1J'UU'J~ fltl tt1JfI'VIt'JtJ 'Jl UI:1~Utlfl'VI ~'UlJtJff'VIt'VilJ'IJ'U~ltJ ~~tJ1tJ'll''U ~'U~'U• 
'Vi1.J~~'U 'VI~ 6~tltJffmmff'l:lY1'll'tl~N t'lf'U 'J1 ~ln~I:1f11'Jffn'l:l1~.:In~11~~t~'U 1~11 f11'J ~~f11'J~ltJ. 

c:., a I '" I Q,.f '" I Q,lQ.t::ll G) 3J.c:t.l 
'J~1.J tHn'l:l~ 'JtJ.:I tJ'U 'll'ltJu 'J1.J u ~.:I euu ~'IJ tl.:l~ 'U m~'IJ 'U 

., . 
tIlfllJ UI:1~fltu~ (2546) 1~y'hn1'Jffn'l:llmllJU~n~N'lJtl.:l~'l~~~~111 il.J'UY1'UVi 

'1'.:1 ~lnn1'Jffn'l:ll'Vil.J';h t1~~tJ~ii~1:1111 t11'tn~fll1lJU~n~N'lJtl.:l~~~~11 1il.J'U~'U~ff.:l 1~uri ~'U li." 
~ ~ 

tI II I JI 

~11 fI1 ru 'I' .:Itm1 tl 'J~~1.J'lJ 1'VI ~ tl:1 'IItl.:l Y1'U ViUI:1 n U~ u 1tu ~ tlff~ tli'fft 'U ~'U 'U tl n ~ lnoW n1'J ~~nri lJ 
~ ~ ~ 

~1:1~~~ t~tlffn'l:llf11'J ~~f11'J f11'J t'Vi reilen 'Vi1.J11n~lJ~Uff~.:IU~1J1tu~I:1~~~ff.:l ~h'U t muiin1'J cu Q cu U 

n 1~~ 1'll'Y1'll'ritl'U U1:1 n1~ tJf11'J 1 tl nl:1l.J'I1 ~tJtl1.:1 'JllJ ntl.:l ii n1'J t~~ tJlJ~ 'U 1 ~tJ f11'J t ~'J tl 1 tl iin1'J 111 
~ ., 

'I1'llJu~n1~tJf11'J t~~tll.J'lJ~ iim'Jtff~tJt'UuUI:1.:1U~ntm~iim'Jnl~~1'll'Y1'll'2 fli'.:I 'lfl.:1~'U'lJtl.:lm'J.:Itln 

" <!I " "" 'l!J/ 'l!J/.1 'i " 
tl'J'J~'U (2549) ~lnf11'Jffn'l:l1f111lJfJ~lJfflJ\!'Jtu'IJtl.:l~'U.fI1tJ ~~f11'J ~'ll'u'J~ ~tJ'll''U 

, I tI , tI
 
4C:I Q .c::I a.c::l4:!l' 0 0 a Q,.f QI' , QI.e::t.
 

'VI~ 'U 'VI N f11 'Jtn'l:l ~ 'J'VI '11 m n'l1m tJ 'Vi 'U 'VIffn'l:ll'] lJ'U1'lJ 'U ff~ 'U til t.fleiutl.:l ~.:I '11 1~ 'U l'U 'Vi 1.J 11 euu~ 
., .., 

'VINf11tJ.fI1'Vi~'U'IJtl.:ll1~fftl.:l'l1l1U'l'Utl~t 'U n~lJ'll'~~'U Vi 62 ffl'U t'l1 uiiit'l1 tl~'Ut ~'U ~'UmoW tJl iifl 11lJ cu cu q q u 
tI • tI 1 

'I1'U ltt'U 'U 'JllJ fI11lJ;';'Ut 'U~'U tl~t 'U 'J~~l.JU l'U nl:1 N tm"t~tJ.:In'U U'l~ f11'J~lJ'U 1Hl'U~h~'UVit~llJ In 
~ 

tI I JI I 

l1.:1'11lJ ~ UI:1~fflJ U~'VI Ntfl ii'll tl.:l ~'U 'I111U'l'U 1:1 ~AU' 1tJl~ n11'1111 Ul'U f11 t 'I' t'l1 tl.:l ~ lniiY1'U Vi~tlmtl.:l 
~ ~ . ., . 

• <!I .1"" a "" "" '1 .1 a 0 w 'l!J/'l I <!I '1 !J/
1J1nnl1~.:Iffl1J1'Jm UI:1 tJ'U 'Vi'U'VI'I1~'UntJ'U &'U f11'J!'Vi 1~ U~n'Vi'll'UI:1~'U 1nnuu 1 &'ll' &'I1lJ 'JllJtl.:lf11'J ~ '11 

ilmfliiu~lJltulJ In t 'U~'U ~~~fftl.:l'l1l1U' l'U1~tJm'Vil~Y1'111 iUI:1~ 1~~1:1 ~.:I111 'l11'fll1lJtl~lJfflJl.J'JW
q IV q cu ., .. 

'IItl.:l~ 'U1J1n n11Y1'U Vi Vi \! n U~ tl tJ'Jf1 ~ N UI:1~ ~ lnf11'JU 'J~ til'U fI11lJ fJ~ u fflJ\! 'JW'IItl.:l ~ 'U 1 ~tJ t ~~1 

~'ll'oW'V11.:1f11tJ.fI1'Vi 'Vi1.J11 ~'U~~iif11'Jt~u'J~ 1tJ'll',r~~'U'VINf11'Jtf1'l:l~'J 1~uri oUl1 1'Vi~ oUl11i UI:1~ 
., 

1~~1:1 ii'J~~l.J 'l'Uf11'J'll'~'" l.:1~.:I'VI1:11tJ'lJtl.:l~'Utl~t 'U oU'U 'J'UHH1J1n ffl'U ffl'U ffn 'UloU11 1 i'l1lJ'Ut1tJ'U 
~ . . 

....1 ....'1 Q 9J Q 9J Q,.f Q " .ci 9J 4 ... I -C:\Q,.' 

u l'11lJ'll''U HI:1~ u l~l.JHI:1.:1 m~~l.Jf11'J'll'~ 1:1 N'Vi.:l'VImtJ'lJtl.:l~'U 'UtltJtl.:l'U ntnnn uaeumu'J~tlJ'Ufi 11lJ 
I I I JI I 

V.:I ~'U 'Vi 1.J 1 1'1111 U'l'Uf11t ffii 'J~~lJfI 11lJV.:I~'U tl~Niit~ ou 1'IJ1J1n uru1'UY1'U Vi 1 i'l1lJ 'Ut1tJ'U ii'J ~~1.J 
~ . 

fll1lJ t.:l~'Utl~Niititl'U1'IJU1'Unl:1 N ffl'U'lJtl.:l'l1l1U'l'U'l~tUltJlii 'J~~l.Jfll1lJt.:ln'U tlvNiititl'U 1 'II 
~ 

tI, tI tI, tI 

Ul'Un'lNl1.:1'11lJ~ AijmmtJl.JtVitJl.Jn'U t 'Ut;i.:lqlJ'U1 ffl1J1'J tltl.:ll.Jtln 1~i~t ~'U 11Y1'U Vi~lJ'U 1'lJ'U ff1.l'U 

Q 0' c:., a Q f ~ .c::i I : I 

~ tl'U1.J'UlJm llJ fJ~ lJfflJ \! 'JtuHI:1 ~ m llJ tJ.:I tJ'U 'IItl.:l 'VI 'J
Q..'

'Vi tJ1m~ 'U lJ1nn1 1'Vi'U'VI ']lJ 'U1'lJ 'U ff1.l 'U ~ tl'U1:1 N 

tl~l.:1 1'J~~llJoUtl~ln~'VIN~l'Uf11tJfll'ViUI:1~ 'J~1.J1.Jtf1'l:l~'J 'JllJii.:Inl'J t ~u 'J~ 1tJ'll',r~~'U~u~n~Nn'U 
JI , I tI I JI 

t 'UU~ 1:1~Y1'U Vi ff.:l ~'l~ tlfl 1 llJ fflJ\! 'JWHI:1~fI 11lJV.:I~'U 'VIl.:1~ l'U'VI i''Vi tJ1m~'U t 'UY1'U Vi~lJ'U 1'lJ'Uff1.l'U 
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... 1 Q .c=l .c:l.c:l l)I

tTl'U'illflUUlflYi 'tulll{) 'mflf.ll'Utl~ 

9J 9J ~e:u .d.d 9J ~ .c:::I it ~ GJ 
'Ilflf111fl'Wfl11tfJmYlHl'W1'1tl'VUfltl1'UtJ'I U'W 1fl~ nqll Ut~ tJtlJ'WU'W 1'Yl 1'1 ~ 'W f111 

& ~e:u ~ J d ''jI1 GJ9J.d~ ~ 0 1 .cd GJ9J.d~ GJ
fl'fl1l11'1tlflH'W 'I~tl1'W ~11 f111 ~G)j''Yl~'W!~tJ'Yllf111tflll911'U'W~'W'Yl''J:'1m'l~1~'U'Uf111 ~G)j''Yl~'W ~'W 

jI I I jI I • II jI 
ll!t .cd .d & '.d GJ 9J ll!t .cd ll!t ... I t!t 0 QI ~I ~
 
~'W 'Yl'Ylfl'fllll ~ 'U 11 ~ flll ~ G)j'~'W 'Yl!~ tJf111 t~ l~'U"'fl~'lHt 'U'UClIl91 '" tJ~ n 'I'U tlJ'W 1 ~ tl~nm'W l'Wtn'l~
..
 

>I >I
.1 <!l d '1 ... 0.1 0 .1 C> <!l 'JI 'JI 

flWIJ"'fl~G)j'l1~'Wntl'W ~~ tlmfl'tl1 ~'U'U'W1G)j''''1J1~'Yl1'WU'''~'W1H'W unes ~'U'U f111 ~"'91~ G)j''U tJ'I'Ul'W91'W.. . 
.1 ~ 0 C> C> 0' 'JI 'JI I ~ 'I 'JIdC> ~ 
~'1 ruuf111mrns tflllm tG)j''1~lWG)j'tlU'U'Ut'U~'U'Wff1mH1U 'U'ItlJ'W 1 ~ 'U'Uf111 ~G)j''Yl~'W anruuu 4 

ll!I .d If!t '1 t!t Q,I ~ Q,I:.d QI & rid r:I
1~'U'U fltJ 1.1~'U'U'Yl 1 f111tJ"'fl~G)j' l/~G)j'~fl ~~mJ1fl'tl'W1H'W ~fl11~"'1~G)j''W 12 m 35 ttJtJ1!ClI'W91.. 

d <!l , 4:!t QI o:r QI:.cd d rlJ, dI Q,.f 0' 
2. 1~'U'U'Yl 2 f111tJ~fl~G)j' l/~G)j'~fl ~~tlmfl'tl'W1H'W ~fl11~m~G)j''W 35 !tJtJ1tCll'W91'U'W il 3. 1~'U'U'Yl 

>I • >I 

3 f111tJ'" fl~G)j'~fl91 '" tJ~iJl1~'Wtltl'W i 'W~'W-¥i i~tlU U'lt~'WtttJ '" '1~tJtlU",~mfftl1 ~ 'U'UU 1G)j'",tJ1~'Y11'W.. . 
d ... "'i .1 0' Q 0' d <!l... d Q J d
~fl11~"'1~G)j''W 12 t1'1 35 t1JmtCll'W91 U"'~ 4. 1~'U'U'Yl 4 f111tJ~fl~G)j'~fl91",a~iJ l~t1tJ~f1t91~~'W'Yl 

QI: .d Q,.f.-.:i rid tli ld .d

1t",~mfl't11~'U'U'W1G)j'",tJ1~'Y11'W~f111~"'1~G)j''W 12 t1'1 35 ttJa1tCll'W91 ~t1~'W'Ylf111mll911'l~~fl11~ 
>I >I 

'" l~i'W "J: 'I "'flll W~ tua~'Wt ~'W ~'W ~ 1'WtJ'W 'Yl11t1 ijtJ~U1W U1H'W'~ It hi'W nua~i 'W 1~f1mratl~'1U1fl 

ij~G)j'~11W1i11 ~G)j'l~tJflmJ~~'WUenmn It ",~ijflll t~~tI!t"'~fflltflijIPi1'14'] 'I1flil'l~t1~'1flci11'~ 
>I , >I 

ri'l~",m~'Yl'UlPitJfl11~fJ~~ff~\!lw'Ua'l~'Wi'W~'W-¥i l1'1ff~1J'~'Y11'1f11t1.fl1~ tflij U"'~;1.fl1~ tJ~U1W 

1i191m'H11~G)j' tJ~U1Wij'W 'Yl~ t1191tl <1 "'<1 ~'1~'1 'H ~~ ~1'Wtn~~",m ~'Yl'U1Pi affm'W.fl1~'Ua'l'Yli'~ mns
• q 

~'W i~t111~ 11~~ '1tJ~mw~", ~~91 il 'I ~ t1f111 ~~91~G)j' U"'~ 11 t1'~ 'I1nrn1 ~111hi1 t1~'" ~~ 91 i~ tI 
>I >I 

ff1U11tlff~1'1mall!!'W1~~ i'Wf1111~t1f1i''1U ~'1.fl1~ 3 
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, .. ... .. _I , ....... 
1111 'II'11~'1Uftl::uglllla::1::UUfll1 'II'11~'U 

- iifll~H~tl~tJ~Il~'b'9111V~~~m~lJih::U\Jli1'b'Il,h::'l1ltl 

ii rm tJ~Il~'b'~l~tl~l~lJ 

- iifl1~H~tl~9i!ll~V~'lnm~lJmftlJJ1HtlLLll::tJ~n~'b' 

lfl.ltli1lJtl 

- ii nm;n~tl 1~lJ 1~~::uufl1nfl,1 tlL1t1tl~tl~lItJll~I'I't1::tJ~n 

1::UUIl11Nafl'IJtN,r1'U~'U~~ 

- nm;llflllmL;;~"lW'b'UIIUUL.,j'lJ.,j'tl 1~lJiifl1~H~~tl 

Yl~9ivitJif fiv 

I. ~::uu~ I fl1~tJ~n~'IIi~/~'I1Hn!l1ftlJJ1Htl 

fI11lJll1~~tl 12 ii~ 35 ltJvfl~tl9i' 

2. ~::UU~ 2 fl1~tJ~n~'b'i~/~'I1Hn!l1ftlJJ1Htl 

fI11lJll1~~tl 35 l,]vfl~tl9i'~tlitJ 

3. ~::UU~ 3 nntJ~n~'b'Hn91ll!l~1hflltll1t1tlltl 

~tl ~ 1~ lJlI,j~ L1'1 uuil 11 ~ UVlJllll:: !l1fttl~ ::UUJ1 

'b'lltJ~::'l1ltl f111lJll1~~tl 12ii~ 35 LtJvfl~tl9i' 

4. ~::UU~ 4 fl1~,]~n~'b'Hn91ll!lflm~lJtJ~m~lJ 

~tl~IlIl::!l1fflJ~::UuJ1'b'lltJ~::'l1ltl f111lJll1~~tl 12 ii~ 

fl1~lflll91~ 

- mnl ~n~'b'~11u ~tl~l~lJl1'1tll1111tl ru 

- fll~ lH1Iflll1'11~'IIl u fl1~I91~ lJlJll,]ll~l"l::,]~n 

- fl1~1~lT1~lfliiIi1tl1tllJ1n~~lT1~t'hli~ff911~'b' lTn 

ti1;)~1'b'~'11 

~ .I.; .1" ~ 
-11 nll III::"tl"I'll"1::1JlJ nlJf111lJ111~ 'b'tlrJ~ 

I+- -linlllll::lifv~tl~1tltJtlm1lJfivtl.,j'Hllfi1lJ1 

-tJilJ1IIIJ 1HtlUH1]UVtlllll::U H1]lJ tn 

-~'I1"n IIIilnfllllJ ~tl 15 ~ ~ u 'I11~jj UVlJlJ 1n 

. , .. 
Nafl8f1111J~~'Je'l1J'Y'W'IJ8~'U 

- lTlJllil'l1l~ fl1lJm"/lfliiltJ~lJtlll tJll~ i il 

_ do Q,I Q,I' d 

- VtlmlJ19111lTll1lJ911VlJH~1~l~1 

.. _ .I "'.1 ,.. .. 
- lftl1~tl91tllUtlfJ1JlTnfl91Vfl1~tI~lfl1::'IJVn1fl "'II 

- ~iitl"l'l~Vltl~tlll~M 

- fI11lJ4tlltl~tl~1 
, _ .1 

• fI11lJlftl111tltl'IJV~~tllJ1n'\Jtl
 

- fl1~~lJJ1'\JV~~tlll~M
 

NaIl1::'I1ufi8trQ1'1U1lft'IJM'I11ftrJlfl1~'U 

- f111lJfl~lJl"IlJ\PW'\JV~~tl 

- HllHii91"1'll~fl1~Lnll91~Il~Il~~ln1]fivtl 

- ']ilJ1I1lnn,]~n~'b'Il~Il~ 

- nlJi~~lnHllHii9111~Il~ 

~~~ -:1" .; .1 
- 1J~~lJ Ltlfl1~HIl91(,/lJ, lT1~lfllJ, 'ltl, Il~H1tl) l"lJlI~'\Jtl 
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"" 'UfIfI 3 

flTJfffl'!:J11~m~tl~ fll11JfJ~1Jff1J\!':i W~tl~~'Ufl1fJi9i' rm i ~~~'U L'W1~tJ~ nuuu 
"1 v'jI 

L.,j'1J.,j''U i 'U~'UVi~1JlJ 1~'U1~~tlfJ~tl~~1JlhmJutJ~~tl'UlJ'U fl1Lfltl'iltl1J'VW~ ~~'H 1~ L~fJ~ i mj l~fJ 
~ ~,: <I.., ~ ~.d <I
Y1flll1~tllql ~'W'U i 1'U1J1'il1flt!'U fJ'WWJ'U 11 fl':i ~fl1':i'H ~1~'l,l'U uile mnmsnnuuun 'il1'H'U 1'V1t!'U fJcIJ 'l,l'U 

~ 0 ~ 1 'I I ~ ~.1 \I] <Ii .. ..,.. 'I ,: .duile fj'U1'111J'I1'U fjtl11 ff t'U'HlqllJ1'UmHN U~~'il1flfl1':itltlfl ttJffflll1tJtllJ~fl1flff'U11J t'U'W'U'VI 

~11J ~,j'l'UUtJ~ fl1Lfltl'iltl1J'VW~ ~~'H1~L;fJ~ i 'HtJ ~tl~irflffflfJ1ff1~1fl1':i 'l~~~'Uu~~fl1':i ~~fl1':i 

'Yli''W uins 1is ':i 1J 'il'1~ tl ~H 5~ v'U 11rns ffflll1 2549 U~~ s inms ~'U fl ~lLtl fl ffTJ s 1fJ~ 1'U1~fJ~ 

L~fJl.,j'tl~ i 'U~'U ~ffflll1U~~U 'Ul~~'Ylqll ~~L~fJl.,j'tl~ U~TU l.,j'tllql ~~ 1~1Jl'yh rns ff~Lfl':i1~..r.,j'tllql~ 
, S' " , 

L~mil'U.,j' eu ~~'U ~1'U tJ':i~fltllJnlJfl1':i-W'il1':iW1'l'Ufl1':iti~L~tlfl~'U ViIPiltl~l~ unen rl1JLflllmm 'l11' 
~ ~ . 

'I <Ii .. .., Ji w .. ~ ~.1 .. '" ''l~'" <I 
L'H1J1~ff1J t'Ufl1':iffflll11'il fJ C)l~ ~flll W~~tl~':i euurm ~~~~tl~1J1'U~'U ~~ 'il ~~~~'W'I1ff ~ t'H fllJt!'U fJ 

V4WJ'U11 fl':i ~fl1':i'H~1~'l,l'U UtJ~~~tl~i 'U~tJ~tl~fl~1Jff1J1:j1fll fl':i ~fl1':i'H~1~ 'l'U ~tJUlJlJfl1':i ~~~~'il' 

UlJlJ'Vr'U 1i~fftlJtlJ1 'I1lJ ~~tl~~'il'~iifl1':i ri ~ Lff~1J 1~un r:rflfl1~'H l1'U r:rflfl1~'Htl1J'H ~ ff r:rflfl1~'H tl1J 

l1tl r:rflfl1~~11tJ~ U~~fl~'H~ltJ~~tJ111 'l'il Lil'U9i''U 'l'Uril'U~tl~'H tl1JU~~Lflllmm'il~tJ~fl~lfJi 'U 
I "1 'J/ I " I , 

~~1~Vii'lJeifm11 1il UlJu ~ff':i ~ ~flll w~~'UVif'ltl'U.,j' 1~ iifll11J ~ l~oM'U~ ~ ~'U ViLflll ~ ':iiims i ~Vi~'U 
" "1 I 'J/

'lums L'W1~tJ~flYl'l1UlJlJL.,j'1J.,j''U l~fJfl1':itJ~flYl'il'~l 'l'UYl'UViL~1J tl~l~~tlL {ltl~~~tl~11~11 ':i ~fJ~n~l 
., 

'l'U fl1':i'Vrfl~'U ff'U1J1fl'H~tl 'tJ1~V4fl~'ULM iifl1':ii ~~mflii rns 'l~ff1':i Lfliin1~~ff~~Yl'l1U~~1'11~'il'n'U . ., 
tl~l~u'Wi'H ~lfJ l~fJ~1~fl1n~iJ~':i~1~ i'U ms 'l~ff1':i LfliiVi\lfl9i'tl~ ':i11J11~ mnl i'lJtJ':i ~1JTJ ~~'U 1tJii. . . ~ ., 
fll11J~m'l1 tl~ 'V11 'l11'ri ~ ~~ m ~'YllJ~tlfll11JfJ~1Jff1J\!':iW~tl~~'U 11~ 'Yl1 ~~1'Ufl1fJfl1'W U~ ~ 'Yl1 ~ Lflii~ tl~ 

~'U L~mil'Uu 'Ul'Yl1~ 'lums uA'1~lJtlJ'H1'il1flfl1':ii ~~~'U 'l'U'V11fl1':i Lflllm 'l'U ':i~fJ~fJ11~tl~,j'1'U 9i''U ~~ u 

~tl1tJ 

I 
Cl 0 ~ 4 i"tW" ~""......-.~,.,~.,,~---.. .... ~ 

a't11'U'tlYl1A'U'Ufl1~ ft fl'U 111ltl 

., . 
,j'1'U9i''U~~ 'H~Vi 17 ~llJ~,j'l'UUtJ~ fl1Lfltl'iltl1J'Yltl~ ~~'H1~L;fJ~i'HtJ 'il1m~1JLflfJ 

~ I fj/ .cd QI QI 'j).d ~ , fj/ ,J.cd 
L'U'U 'HlqllJ 1'Ul~ fJlfl'U nu1J1'U 'l,l'U UtJ~ 'H1ql'Yl 12 U~~LWfltltlfl1J1~~ 'H1ql1J1'U i 'H1J~'U i'U iJ 'W. ff. 2546 

~l1JtJ ':i ~fl1ff~ tl ~~ 11 ms fl1Lfl tl'ilnu 'Yl tl~ ~'U~ tl1fffJU~~'V11 f1'U ~tl~'H tJ,j'1'U9i''U ~~~~ tl~i 'U L~ ~ih 
~ ~ 

ff~l'UUl1 ~'I11~fl1Lfltl'iltl1J'Yltl~ tJ':i~'I11m ril'U i mULil'U'I111L~lL~ltJfl1Lfltl~tlJtl (fl~L'H~ fJ~) ~~~~tl~ 
u u ~ 
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iI , ~ , ~ I 

u ~!"Jru '11 u ~ 'til ~fI1 'V'l'YJ'U Vi 1~ tI 'j eu 'tI tl'J'I11J Ul'Ul ~'U -YJ'U ViYllfl1 'j ~n'l:J ~ 'j Uf1 ~ u ~!"Jru -YJ'U 'j1'lJ'1 ~~ ~'U Vi 
q ~ 

" 
mJtl1ffti ijm'tll~~'lJeU'lJ~tl'U ~w ~lh 11J'lJ~!"Jrulml~~ t1'J~~'U 1Jl~'lJ~'tIl ijfldl]J~'J 'illm~~'lJthl'l~W 
~ ~ ~ 

.:::1091 9JJII] ,dlc4'to CI.I 'j) ~ CI.I ~ 
ihu nf11'J 1,260 ~]J~ 'j ]Jf11'11 dtl~WN !'11 f1 VJl'U CJf'J]J'U 1~1'11 'j 'lJ'1 'Il'tliJ1flflUf1~'lJ'j 1flfl '1 'U m d ~'j su 

q 

" 
~f1tl~-n'JiJ ~W ~ij~l'Ud'UiJ'j~'Il'lmtl1fftlmJ 116 'I1~'Jm~~tl'U 

'" 



27 

J d 0 CV .c9 Q CV ~ ~ ='t J d I 91 9J ~ d ''l 
'Vl 'UnffI'll 'i ufl1 'Hl'f1 'lJ11 'il fJ flH 'U l1J 'U'Vl 'Unfl1 'i in 'lJ~ 'i '\J tl.:l '11 \!1J1'U ~ 'U foN CJ1.:1 tl~ 'U 

", " 
l'\J~Vl'Ulhi1JU 1U~UtJ~~ aulJ'U 61U1tl'iltl1J'Vltl.:l ,j'.:I'I11~l;fJ.:I 'l'11~ 1~ fJff1'U'l'I1qJ'il~iifl1'itJlJf).,j'11 1~ 

. " . 
lJnflfl 'l'Ufli'll~tl'UU~ ~tJ~f)Vl'lf'Vl1&'lf6tVltl'\J1fJ m;mmucti''l 'Ufl1'iYl 'il1HU1'l 'U fl1Hi~l~tlf)Vl'U Vi 

OJ 

" ~lU'Vl'U 'l'Ufl1'ifff)'lJ1ii'i1fJ~~tUfJ~ ~.:IU 

a 'l "" "'''''''''''' ~ J "" • "1 ""I1. l'Utl.:l'il1f) 'Utl~~ltl'lf1~'\Jtl.:l'l11J'lf'UlJ1'U~'UH.:I urnrm ~'i'l1~'UnfJ'Uu~~ 

.1 d ?I "1 • 'l ~"l ''''' '" '" "" 'l ~.I '1 .. d '" ~ ~ ?II
llJ~fJ'Ut1J'U ~ 'itll1'i 'Vl1 '11 ~1J1Jf)l'i'Vlf)~'U U~~1Jf)l'i 'lflJ'i~ W'lf'U'Vl~'UUlJlJt'\J1J'\J'Ul1J'U'i~fJ~ 

" , 
2. '"f)'lJtu~'Vl1.:1fl1 fJfl1'Vl '\J tl.:lVl'U Vitf)'lJ ~ 'i ii fl111J~ 1~ '11'U "J.:I U~ ~ iiVl'If'Vl 'i 'i tu il f)fl 'l1J 

J d 9J a .. I QI Q 91 Q a Q .. I 9J Q 'jI

'l 'U'Vl'U 'Vl'U tlfJ1J1f) l1J tl H'U ~ f)~.:I1J1 m~U nnnuH1'11 'U 1~ 'U l1Jeil'i 1f1''il1 f)ff.:llJf)fl~ 1J'I1 'U1~'U nf)'lf~ ~ 1.:1 
• OJ 

vr.:l'Vl~lfJl~~lfJ 
9J Q'" 1 'l IQ .. I a Q tI Q

3. m'U m 'i H~ ~ t ~ fJff1'U '11 W1J rns lJ ~ f)'Vl 'If'Vl1tu 'lffJHu u tl ff'i ~ H~ ~U u lJ'Vl
QI

'U 1i~ 
" OJ 

II "I " I 

fftyty1 ii fl1 'itJ lJf)Vl'lfcih'l 'UVl'U Vil~1J ~~ tl~ vl.:lilH~~9i tlt -U tl.:l If)'lJ~ 'i nsV.:I 'l..rfl111Jff1fitynlJ ms 

" .
il i'lJtJ'i.:l tl1'i.:l~'U 'l 'U Vl'U Vil'Vl1~tJ ~f)Vl'lf'\J tl.:l~ 'Ultl.:lt1tl'U.,j'WI!tl fJ 

• • OJ 

4. iifl1'i'l~ff1'ilflii'lfij~9i1.:1" l~Ufi ff1'ifh,j'~ff~~Vl'lf ff1'ifh,j'~1'lfVl'lf H~~~mflii 

?I • I ~ ~ "'" 'l ~ '" .?I. 'l ~ ~ '" ,,: J "". 'l ~ 
l1J'U 'il1'U 1'U1J1f)tlfJ1.:1l'\J1J'\J'U'I1'i tl 'lf1J1f)lf)'Ufl111J'il1l1J'U 'Vl1 'I1\Pl'U'Vl'Ufl1'iH~~l'Vl1J'\J'UH~~1J H~'Vl1 '11•" . . 
'" f)'lJ tu~'Vl1.:1fl1 fJfl1'VlU~~'Vl1.:1lfl ii'\Jtl.:l~'U 'l 'UVl'U Vifl1'i lf1'lJ ~ 'i ltJ~ fJ'UUil ~.:IltJ 

cv" 4 Q,QJ 

'lJ'UVlO'Ufll"H'I fill n1nJ 

" " I I 

'l 'U fl1'ii,j'fJfli'.:IU ~i,j'fJl~~wa'Ufl1'ifff)'lJ11,j'mt~~'i llJ'i 11J.,j'tl1J~VilfifJ1.,j'tl.:l ii 
OJ OJ 

" .,j'U~tl'Ufl1'il,j'fJ ~.:Ifl1'Vl 5 
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.1 d.. , J/';q .1 
I. u1:::1~'Ui'lmnm1 ~'II'l1~'Ull'n::: U~n 2. flmnWnfflHl\Jiliv 1l\J1ti~ mllJ~~ 

v v I"" .1 .d ".. ;p v.d Villi 
lllJlJl'\J1J'\J'U'\Jfl~lll,j ul'U~\J Fl~ lnV1'\Jfl~-ff1JtlllJWI1J1ll\J111"'lla:::t;j'Ul'lt1J'II''U 

11~~i1inntl~lfiijnnq1Ji1flVH 

" 3. ~~~fl-l!~1l1J1V~1l1l~nlJ 

-i~Q1l1:::ff~tlnnflnlJl 

-lll11lJlJ nnflnlJliliv 

II.lh,j'mJa~1~milJ~ 
-1:::V:::l1all'UnnflnlJl 

.; , J/"
'lt1J'II'\JI"l'lfll'II"\Jfll,ja 

~'U!1'U~fl11l 
nm'hll'U~i1flVl~l~vnntl~lfiijn 

.. I v.1:::lJlJ I !l1ffvl1"~'U1l~m7n/~'II'11 
mflVl~lllnnn ffijlJt'll1Jt;j'U1 

1:::lJlJ 2 fllffvJl'll'a1l1:::m'U1l~m7nrn'll'h' 'It'U'II'1J lla:::l~lll'U' l~'" 

1:::lJlJ 31l~m7n~aij~iJllllj'U~ 

1:::lJlJ 41l~m7n~afl~iJ/1l~m~1J~'U~ 

1o. ff~ll,j'ijl,jann 
~ d Q,I I 

1WnnlnlJ~1flVHffmnilivJ~ll1J~lla::: 
1l01'\Jhi'\ln~fl~m1J 

- uuuneunumeutlm~fllJt'hQl1J 1'U~l'Uiliv 
i~Q1l1:::ff~tl 

1:::lJlJrm Fla~lla:::1:::lJlJrnr1i'~~'UIIff~~ Flannflmniliv1'U 
d Q,I I ~ do 

- InlJ~1ijVl~~'U tW 

Composite soil 

" ., d Q,I I <Q Q,I 

undisturhed sampling nlll'U~~'U,Hi~ 6. InlJ~1flVl~~'UmIl11'U 

fl111Jal~i''U 12-35 % < 35%'\J'Ul~ lnlJ~1 mi1flVl~~nlll'U~ 11 
" ~" "~'U ~I"I'Il:::ll ~ n'\Jfl~i11111\JlnlJ~ 1ns '\J 'U~'U"I'I1 euuuuffeum 1J 

i1flVH 1 11nnH~~'U 10 ~'U11l li~amlvlllla~ 

9. nn1l1:::tij\JFla 

m~~1\Jfl111J~~1J 

" q
ff1J\!1W'\Jfl~~'U 

l1H~l'UmVtl1"1'111a::: 
tllflff'Ul1J 11lilfln:::l1'1'U 

~ .. " uuuneurn1J IIa:::uuuu'U 11 n'\Jeua 
~ 

,rij~lliju~nn 

<S ",,,,, 
.fll't't 5 fl'H)1Jm~1JdlJfl1';jrYflllld'iltJ 
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<S ~.l "01 1 .1
1. ffn'I:J l'\Jtl\!"'YfWjl'1Hl1ntl'U tJ'rl~'U 1 flHf11'j 'l1 "1.:1~ 'UUue mnrmaeumu 

!~1'l1,rl~tl'U6'1~'UulJ~~U1GJ1:IJ'If'U ~ml1'ff 'ffm'rl..t11lJ'\Jtl.:lGJ1:IJ'If'U 1~~1\P1f111:1J!~'Utl~ f11'j i~Jl 
.:9 .c::l. QI QI 0' 'jJ 

!'rltl f11'j!f1'I:J \PI 'j 'ffm'rl!ff'j 'I:J j n 'ilU"~ 'ff.:lfl:IJ 'ill rim 'j 'ff.:l!f1\P1 ms W!W~ ms 'fftl'lJtl1:IJ 'j'J'lJ'j 1:IJ'\J tl \!" 
, , 

.c::l. dd d 9J 9J I QJ .a ~I 

u 'U 1f1" U" ~ 'VI q'I:J ~ 'VI! n tJ 1'\Jtl.:l '\J tJ\! "'\J tl.:l 'l1 'U 1tJ.:Il'U'j l')j'nU 'l1 'U.:I 'fftJ ttl n 'ffU 'j 1tJ.:Il'U f11 'j Hn 

rn fI'ff'U 1:IJ!!"~ .:Il'U 1.0 tJ 'rl~ tl:IJ~.:I 'ff~ H m nuu'U 1f!" ffl'l1fin~'U U'U 1 'VI 1.:1 i'U ms 1HUH'U ms 

~l!iJ'Urns ffn'I:J l1.otJ 

2. rns 11.:1!!H'U!\PI~tJ:lJ1Pi1!,rllf'U~~.yhf11'jffn'I:J11 "tJ!\PI~ tJ:IJ!fI~tl.:llltlu,,~ fJlJm w~ 

i ~i 'U rm .o"!~'lJ,rtJ\!" !'If'U !!H'U ~lJiJlJ 'j ~!'VIff (l :50,000) !!H'U ~fl1'rl(htJ'VI1.:1mf11ff UH'U ~f11'j i ~ 

lJ'j~ 1tJ'If,r~~'U !fI~ tl.:ll"fl11:IJ"1"~'U !fI~tl.:l'lJtlnVit1" (GPS) 'ff~"'U'U Vin,rtl\!"mfl'ff'U 1:IJ fJlJmw 
" I " , 

rns !~'lJ IPi1tJ~1.:1 ~ 'U 1" tJ~ ms t1 1'l1'U"rnn,rlYJ'U Vi1lJffn'I:J l1.otJfIi'.:IVi 1 

~ I QI 'jJ 'jJ d 0' 'jJ 0 .:9 ,J 
2.1 \PI" \PI tllJ'j ~ 'ffl'U.:Il'U mn'ill'l1 'U 1'VI tl'UtJ'1 ~'U 1'I;f:IJ 'If'U U" ~ !n'I:J \PI 'j m !'rltJ'lfll'il.:l 

o ~ i i 01.1 " ~ "'01 i 0 <S "'01 ~ !!"~ 'VI1f1 11:IJ!'\J 1 'il 'U 1 \PI Qu 'j ~ 'ff.:lfl '\J tJ.:I f11 'jnn'l:J11'iltJ!!"~ 'j ~ tJ~ n" 1 'U ms 'VIl.:11'U ffn'I:J 11'iltJ 'ff'j1.:1 

fl11:IJ ff:IJ~'U,r t1'lJ'I;f:IJ'If'U f11 'j ff.:I!f1\P1f11'jWIf'U~1"tJ~tl:IJ'\JtJ.:I'l1 ~Ul'UU"~ If'U~!f1'I:J\PI'j '\JtJ.:I!n'I:J\PI 'j m 

'jJ 'jJ,l et 0 'j) .: ~ 9J QII 

'lJ1'U \PI 'U H.:I 'j 1:IJ 'VI.:I 'ffl 'j 1 'il '\J tJ\!" 'rl'U j 1'U \PI1.:1 '1 'VI.:I 'VI 1.:1 \PI1 'U f11 ern 'rl!!" ~ 'ffrn 'rl'VI1.:1 'ff.:l fI:IJ i'U 'I;f:IJ ')j''U 

9J 0 'jJ d"l 'jJ QI 0' 9J .:9.d "l 'jJ 0 I Q.I 

U"1'U1'\J tJ\!" 'VI ~":IJ1 'ff.:I!fI'j 1~ 'l1 '\JtJ\!"!!"~ 'j1'lJ'j1:IJ!'rltl'VI 'il~ ~"f11'l1'U "n~:IJ\PI 1U'VI'U!f1'I:J \PI 'jm 
'" , 

2.2 ms t11'l1'U "nrl:IJ1Pi111'VI'U 1Pi1tJ~1.:1 YJ'U Vi!n'I:J\PI 'j ff1'Ui 'l1tU!f1'I:J \PI'j m ~f11'j u'l.h 
q u 

", I " I " ,"" '" "" i~i .1 "" ~ I 01 "''''' I '" ~ i~"" '" .1'rl'U 'VI!f1 'I:J \PI 'j!'rltJ 'If 'U f11 'j!'rll ~ u ~ n 'rl'lftJ tJru1J'U 2 'ff1 'U ".:1 'U fItl 'ff1 'U 'VI 1 !1J'U f11 'j 'If'rl 'U 'VI!'rll ~ u ~ n 

YJ'If1"tJmfftJJ1~'Umh.:l!~tJ1 'ffl:1J1'jtllJ"nYJ'lfil,,~ 1 - 2 fli.:l~tJil!!"~~f11'jlJ"nYJ'If~mdtJ.:I'VInil ~.:I.. ... 
01 .1 d'" 01 ~ "d" I "d ".1 II)I I

"n'I:JW~'\JtJ.:I'rl'U'VI:lJfl11:IJ"1"'If'U'UtJtJml 35 !lJtlWlf'U\PIU"~:IJ1nn11 35 !lJtJWlf'U\PI'\J'U ~lJ !!"~'ff1'U 

d "" i~.ld ""1 01: '" ""II)~ ",.k
'VI 2 fltl f11'j 'If'rl'U'VI!'rll~lJ"n'rl')j' "tJmfftJ'j~'lJ'lJ'Ul')j'"lJ'j~'VI1'U :IJf11'j!'rll~lJ"n'rl'lf ,,,\PI,,tl,,ilClf.:l.. .. 

'JI I ,,, I , 

i'Uf11'ji~YJ'UVii'Uff1'UVi 2 ij ~f11'ji~Vi~'UtJ~2 'jlJU'lJ'lJ ~tl 'jlJU'lJ'lJVi 1 f11'jlJ"nYJ'If~n\PI"tl"il1"tJ 
~ ~ ~ ~ 

" I I " I 

f11'j 'l1 ~'U!ltJ'U YJ'U Viu'I.h!~'UulJ M~tJtJ u,,~~lJU'lJ'lJVi 2 f11'jlJ~ nYJ'If~n\PI" tl"illJ ~ m~:IJYJ'UVi ff1'U 

i 'l1qj'il~!~'Ulf'U~ "1"!~.:I! '\Jl ~fl11:IJ"1"~'U'\J tl.:llf'U ~~1 nll 35 !lJtl{!~'U \Pi' ~.:I'ffl:IJ 1'j tl'ffllJ~lJu'lJ'lJ 

f11'j i ~~~'U hjlf'U~ffn'l:J1,r.:l~tJ 1lJrl' 

. '" '" .1 "" II) 1 "" 01 01 0.1 01.1 "d " 
2.1.2 'j~'lJ'lJ'VI 2 m'ju~n'rl'lf ~'j!l'l')j'Hn tJlfftJ'U1H'U fIdl:IJ"l"'If'U 35 !um!Clf'U\PI 
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d .:!I QI ~L.. I d': d QI

2.1.4 ':i~'U'U'VI4 n1':ilJ~fl'Vl'IHH1\'HHJ~UU~m~lJ'Vl'U'VI fl11lJ"1~')j''U 12 - 35 

2.3 ~~'VilU'U'U'i;H)'UmlJIPi1U'VI'UtflfJ~':ifl':i':ilr.JttlJ,,~ H,,~ijfl1':i'VI~fftl'U 

gI "J .1_1'" _I gI"J"j i gI "'.1 0' <iI .. w0 

Huuaeumuumu: ~ uus uuseun ~ ~t'Vltl 'I1~H~llJ1~\lu':i~ff ~fl~tl~n1':iffflfJ l1'iW 
SI 1 iI I iI 1 

2.4 t~l'rI'U fifl i'~fi 2 1~ ums ~~1Pi eils ~ ff1'U ~1'U n'U ~oi1'U lty 'l'UYJ'U fi'l1~tl 
I iI I 'J/ I ,

gI gI cI"J gI ~lt • cI "J gI • gI a cI w i a cI _~ cI 
t~l'11'Ul'V1 ~~t'U'U tlr.Jl~~ ~~ un tff'U'VI1~ H"~'Vl'U'VIn1':itflfJ~':i~tl~~1H'VI'UtflfJ~':i m 'U'Vl'U'VItul'11lJ1r.J'VI 

" 1 iI 'J/ I 

1~ri~t~tl flYJ'U fi 1 ~ tt,,~'Vi1n1':i t~'U1Pi1mh~~'U ':i1lJl1~fll':iff~tfl~fffl1'VlYJ'U fiulJ"~&Vn~lJ~flYJ')j' 
'" _I gI 0 '" <iI gI v v d gI
~1U'VI'UtflfJ ~ ':im ':i1mLu"~ H"1'VI 1ms~~'U'U'VI fl~ tllqJ "fl ':i'U \l1'U 'Vl ':itllJ mu~ tllqJ"U'U'Unnumu':i1r.J 

v 

ulJ,,~ l~r.Jij':ilr.J"~t~r.J~ ~~ij 
~ tl ~d 0 v 'j} , 

2.4.1 n1':iffflfJ1'V11~n1r.JfI1'Vl~tl~'Vl'U'VI'VI'VI1n1':i tflfJ~ ':i H'U'U&~lJ~'U~tl~fl'JlJ 

w gI gI.%i .,rd,:, gI gI.%"j .. "jigl0 

tflfJ~':im~1U'VI'U'U1'U~'UH~'U'W'U'VI"lJ'Ulr.Jtlr.J'I11r.J~'UliH t~ emseenffl':i 1 ~fI1flff'U llJ ~H &'Wtl '11 

"I Y d ,: di c9 ~ 
• 

I "l fj/ "l 'j} 1 Q.I ,: dadI Q,I

~~H'I1'U fffl1'W'W'U 'VI 'Un1':iffflfJ rrulJ'U"flfJW~tlr.Jl~ ~ ':i'U1~ ~~Ufl "flfJW~~ tl~'W'U'VI t'Wl~lJ ~fl'W')j'lJ 
" Iii,'" • "J w a cI gI a cI"j _I _I a 

"flfJW~tlr.J1~ ~ ':i fl11lJ" 1~')j''U~tl~'W'U'VI fffl1'WU 1~m tllJ~ tl~'W'U 'VI t~W':i1lJ ~ asuu"~ t'Wl~u ~ fl'W')j' 

~ I "l I d Q.I tic:::. ': ~ I do Q,I Y a d 'j} 

ruu tlr.Jl~ ~ ':i t ')j''U u ':i ~'U'U tl'4 ':iflfJ ~'U H"~'U I'll re 1lJ ue ~ u "flfJ W~ U'U'U 'l~'U 1~ '11 ':ieu 'I1tlJ1U~fl 
lilt '" 

a "J'''' a cI<iI lluuil _I a a igl=lt v a gI cI igl
'I1':itl iu "flfJW~'W')j''W':i':iW'VI~'Utl~ 'UUU"~t'Wl~U~fl'W')j' t'Wtl~~ ')j'&lJ'U~tllqj,,&'Utl~~'U'VI~~ ')j' 

.1 i .. o'gI .1 gI i w .. "j i gIinennu 'Un1':i1tm1~'I1~tllqJ" U"~UU"~tllqJ"tltlfllJ1 'U"flfJW~'U':i':ir.Jlm')j'~'W':i':iW'Ul &'Wtl mm 

~ cI gI 0' "'.1 o'd~"JgI 
n1':iflflfJllJfl11lJfJfl~tl~&m~fflJ\!':iW~llJ1~QU':i~ff~fl'VI~~L1 

, I '" I t 
o Q,I a a di gli c9 .£!I do "l 91' d c:::.. 
ff1'11':i'Utflnl~lJtl'VI ')j' 'Un1':iffflfJ1'V11~n1r.JfI1'W~tl~'W'U'VI ~~Hfl ttH'U'VIfllJ 

OJ 

lJ':i~&'VIff UH'U~fI1'Wrilr.J'VI1~mn1ff t&H'U~fl1':ii~lJ':i~ lr.J')j'.w~~'U tfl~tl~1~fl11lJ"1~i'U &fl~tl~'Utlfl 
e::t. Q.I QI c9 'j}, c:::.c:::. 

'Vlfl~( GPS) ff1,!~'U'U'VIfl Lt"~fl"tl~mr.JfI1'WH'U'U~~~tl" 

2.4.2 rns ffflfJ 1':i~ 'U'U fll ':i i ~~~'U ~ 1flfll ':ifl rllJ IPi1tt 'VI Ut flfJ ~ ':im~ tl~ ulPi• 
'''' , d"J gI '" a "J gI "j i gI .1 =It "j a i <iI cI cI 

fl'JlJ~1tlr.Jl~'VI t~fl~t"tlfl L1 t~W ')j'U'U'Ufftl'UmlJ':i1r.JUu"~tlJ'ULmtl~lJtl 'Un1':iffflfJl lJ':ilr.J"~ttlr.J~ 

" ~~lPitl 1lJil 

" .Q.I da.d ... 1 a Y QI 

- "flfJ W~ fll ':i'l1lJ
• 
'Utdr.J'U 'WU 'YIt 'W 1~ u"

OJ 
fl'Vl ')j'r.Jtl U '11"~ 

~tlU'I1"'~ 6 tI ij"'flfJW~t~'UmjHh 

http:Utdr.J'U


II� 

9l''\.,I\1,j'1Jiliihnj',ij 
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UJJfliM1tJJJ~U(lm1J~tJ'I.J 1~ (exchangeable Mg) 1~tJ111fll'j t~lJ~';n)V1.:j~'U i 'U u1J(l.:j~tll'H'U~ i l1'~'J
 

U1J(l.:j1J'j~JJ1W 10 - 15 ~~~tlu1J(l.:j 1~tJi,*\ltllJl1~miYtJlJ~~mJJJt~'U11J~'Jlil1'~fli'U'j~~mn1JJ
 
.dI .. 'JI .. 'JI .ll ~I'.I ".1nn 0 - 15 tCJf'U9UJJ9'l':i U(l'JUCJf~m1~'U~1'U11'U.:jtlJ'Utt(:fUl1'U1lJ':i~JJ1W 2 - 3 tCJf'U9'ltJJ9'l':i \llfllJ1fll1qJJ 

• >I 

~.:jn'Ul1qJJ ~'U.yj1~t~'U~'U\llfl 1 ~~ l1WJf'Ut~tJ'Jn'Uij\l'UmlJ utl''J\h~'U'VJfl~~id':i'JJJn'Ui'Ut1.:j 

'Vimff~fll1~tl.fl1'll''U~~t9'l~ tJJJ H tlqmtltl"lil1'~'Ut~ln'Uutl''J'I41~'Ui dQ.:j'Vi(llff~fl~l'U 'J'U 1 fn (lflfJJ 

Utl''J111fll':i \l~,j'U fifl~tlU 1J(l.:j~ 1 ~t~lJ~'JtlV1.:j1 ~ tJ(l~tatJ~ ti4tl'l4111Jltm l~-Hi'U l1'tl.:j,Jii,j~fll':i 

~tl11J 

2.4.4.4 fll':it~lJ~'Jtl~1.:j~'UUlJlJ11J':ilJfl'J'U(undisturhed sampling) 

,. 6}9J .d "1".Q .q ,. d Q,I , 

~~tJ!'lf soil core JJ'\I'U1~tff'U~lfY'UtJflm.:j 5 tCJf'U9'ltJJ9'lm(l~tl'J1JJff.:j 5 tCJf'U9'ltJJ9'l':i ~~tJtfllJ9'l'JtltJN 
~ ~ 

Cll6} Q,I d.a Qld ad d .Q Q,I,d ad d 
~'U !'U 3 ':i~~lJtl'J1JJ(lfl tltl ':i~~lJVI 1 inunrmuen 0 - 5 tCJf'U9'ltJJ9'l':i ':i~~lJVI 2 munmuren 5 ­

10 tCJf'U~tJJ9'l':i tt(l~':i~~lJ~ 3 t~lJ~tlJ1JJ~fl 10 - 15 tCJf'U~tJJ9'l':i 1~tJfll':i9'ltlfl Core (l.:j11Ji'Uu1J(l.:j 

~'JUVl'Utfl'l:lmm~'Jtl~l.:j ~1'U'J'U 2 ~~ ':i'JJJ~'Jtl~l.:j~'U~t~lJ\llfl soil core ~1'U'J'U 6 ~'U!u1J(l.:j 
• >I 

~'JtlVN t~tll~tl'J1JJl1'U1tt'll'U':i'JJJ'\Itl.:j~'U (bulk density) U(l~tl'J1JJGJ1'Ui'U~'U (soil moisture) 

2.5 fll'jt9'l~ tJJJ~'Jtl~1.:j~'Uti4tl'l41 11Jltm1~-Hi'Ul1'tl.:j1J ii,j~fll'j trttl~'JtlVN~'U 

JJ1~.:jl1' tl.:j1Jii,j~fll':i utl''J'I411m~'U tltlflJJl~.:j i l1'ul1'.:j hwtfl~tJ~'U i l1'lffJJtln'UlJ'Um~'Vi (llff~fl utl''J 

d 0 Q,I tt 9/..::1 "QI.a Gl " .d 4!f.Q 'JI " 
t'\ltJ'Ul1JJ1tJt(l'\lfllfllJ !m ':i uus tltJ tl~m11fY'I:l'Vi'lfU(l~lfY'I:lm 'J~tltlfl !11 JJ1flVlff~ tJJtl~'UU 11.:j U(l'JlJ~• 

, II II I 

.e:t.9J.a .a .a.a .e:t."l"'j/I,. .e:t..e:t., d 
~'U~'JtJ1mtl.:jlJ~l1':itlmflm~tlJtl.:jl1':itl~flfl(l.:j ~JJ umsnu ~~tJ9'l~UflH'\I'U1~ 2 JJ(l(ltJJ9'l':i ff'J'UVI 

>I 

m ~ nuu9'1 ~ uns .:j'l41 1 1JlJ~ a flfl f.:jU(l~fl q fltfl tl'1~'U ~ ffJJi -H' t~ 1n'U utl''Jt~ u ~'Jtl~H~'U i di 'U 

Q.:j'Vi(llff~fll1~tlflrltl.:jm~~l'1:ll1~tl'\l'J~'Vimff~fl utl''J'I4111Jl1m1~-H111fi1 pH, P, K U(l~ CEC 1~'U 

~'U u,j.:j~'Uafld'J'U11i1.:jlJ~~tl11J 1~tJ\l~i,*9'l~um.:jitl'U'\I'U1~ 5 iJ(l~lJJ9'l':i ~'U~l'i\:IlJ'U9'l~UflHil1' 

'I41JJllJ~ i -H'l1JJ~ l~lJ~'Jtl~l.:j~'U i dt1.:j'Vi(llff~fl ti4tl'l411 1Jl1m1~-H111~'UVI~tJ19'lt1 i'U~'U (%OM) 

'" <I('U.:j(lfl'l:lW, 2548) 

.dI .. '" 'I Z.f..;. 'I 'JI.. <I'JI d iI 'JI 
\llfl fll ':i fYfl'l:llJ\ltJ !'U tl H'U l'Vitl 1M rm 'Jtm 1~11 '\I eu (lJJfl 'J1JJt1fl9'l tl.:jU(l~ i 11 \91':i.:j 

~ ~ 

Q,I ... I fI ...1 d.d d ~ jloCllQ,l "l"61 9/cu::t.Q fly
\911 JJ'J\91 nu':i ~ ff.:j tlUn~ m aufl(lJJlJ':i ~1~'U VI \l~fYfl'l:ll VI.:jl'l JJ~ ~'J \ltl ~~ !'If'J1imr 'Jlfl':i 1~ 11 '\I eunuu u 

q q cu cu 
>I 

ffi1~19h'VinW'U1 (descriptive statistics) 1~tJih1tJ(l~1~tJ~~.:jij 

1. fll':iltm l~-H~'Jtl~l.:j~'Ui'U-H'tl.:j1Jii,j~fll':il~tJfll'jltm1~-HffJJ,j~Vl1.:jtflijfitl 

fl'J1JJt~'U m~-~l.:j'\ltl.:j~'U (pH) 1J~JJ1W fl'UVI~ tJl\91Q i 'U ~'U (OM) 1J~JJ1W fl'UVI~6m{lJtl'U 
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1. fl1'jl!fl'jl~11~1tHh~~'Wt 'W~tl.:Jtl ii,j~fl1'j lflrJfl1'jl!ml~l1ff:JJ,j~'I'11.:J!flij ~tl 

fl11:JJ!~'Wmfl-~1.:J'Utl.:J~'W (pH) tl~:JJ1W~'W'I'1~rJl\9lQt'W~'W (OM) tl~:JJ1w~'W'I'1~6m{'l.Jtl'W 

(Pennanganate Oxidized Carbon, POC) tl~:JJ1W''Wl\9l'j!'ij'Wt'W~'W (total nitrogen) tl~:JJ1W 

vJtlffvJ tli'ff~ !~'W tl'j ~ lrJ'lftJ (available P) 1ViU 'I'1m~rJ:JJ~u"mtl~ rJ'W'~ (exchangeable K) 

Ufl"!~rJ:JJ~Ammtl~rJ'W'~ (exchangeable Ca) U:JJflij!~rJ:JJ~umHtl~rJ'W 1~ (exchangeable Mg) u,,~ 
~ 0' 4 ,:~ I ~ • 

fl1'j1!ml~11'1'11.:Jfl1rJrnVi fltl !'Wtlfl'W (soil texture) fl11:JJ11'Wlu'W'Wn:JJ'Utl.:Jfl'W (bulk density) U": 
" fl11:JJ~'Ut'W~'W (soil moisture) ~.:J\9lnl.:J 1 

.Q.Q .dGI j1.Q 0' 
11ifl1'j'l'11'lf1!fl'jl~11 

'" 0'"1!fl 'j 1~11 'I'11.:J fll'U fl1 rJrnVi 

~ .... 
- li1el~'U (soil texture) - 1"fJ11i Bouyoucos hydrometer method� 

- i'I111J11'W111'l1'W'.i11J'lJel'l~'W (bulk density, Bd) - 1"fJnl'.iHili Core method� 
~ , ~ . 

.. 9 ..� 
- i'I111J'I1'W 1'W"'W (soil moisture) - 1"fJi'l'lhHUn ell.Jfi~Wl11Jii 105 - 110 el'lfY1� 

l'llfll;fJffl~'WI1fl1 48 ~111J'l 

'" 0''' .cO1Afl 'j 1~11'1'11.:J fll'W!fl:JJ 

- i'I111Jl~'Wm"-~H'lJel'l~'W (pH) 
~ 

- 1"fJili ~'W :'\.h = I: I 1'''~1fJ pH meter 

- tJ~1J1W~'WVl7f.l'l~Q (Organic Matter, OM) - 1"fJilinl'.i'IJel'l Walkley and Black 

- tJ~1J 1W~'WVl7 vmfl.J el'W~fffl1fJ~1~1fJ - 1"fJili KMn04 oxidzed Carbon (0.0511Jfl) ~1'W 

(Permanganate Oxidized Carbon, POC) fi1nl'.i ~"llff'l~fi 1i'1111J fJ11i'1~'W 545 'W 11'W11J~'.i 
~ 

- tJ~1J1W '1'W 1ml~'W11'l111J" (total nitrogen) - 1"fJili Micro Kjeldahl 
~ 

- tJ~1J1WvJelffvJelfff~I~'WtJ'.i:: 1fJ'I1U (available - 1Mnl'.iffti'''~1eldH~'W~1fJtI1fJ1ffti'" Bray II� 

phosphorus) 1'" 1"fJ'~ Spectrophotometer� 

- tJ~1J1W hll1Vlffl;fJ1J lli'lfll;fJ1J llfl::ll1Jnih;fJ1J~ - 1"fJnl'.iffti'''~1eld1'l~'W~1fJllel1J 11Jl'WfJ1Jel::eil~Vl 

llflmtJ~fJ'W1~ (exchangeable potassium, calcium ~)ji'l111Jl~'Wm"-~1'l 7 (pH 7) llfl::1'''~1fJ 

and magnesium) Atomic absorption spectrophotometer (AAS) 

.d d'QI 

'1'1:JJ1: 'W.:J"fl'l::lW (2548) 



34 

, .. .. 
... 1 .oC\ Q.I <Q, , lIq..t:\ 'a"" .:I 

fl111J1~AlIUftfllJ.fl1't't'UtH1~'U'Ufll·n·nW'lfl1l11~'U'Ufl11 'V't1~U'U8..:JQlIU1't1'JlJflUN..:J 

i'U f11 ':i il ':i ~LiJ'U'Yl H~ 1'Ufff1fJfl1'Vl'tltJ.:j ':i ~1J1J f11 ':i ~~~WI UJ ':i ~1J1J f11 ':i i ~~~'U i 'U 

Itlu1J1J~ N"ll ~t1 f11 ':i Uils,rm.!" 'il1f1f11HltJ1JU1J1J'fftJ1J\I UI'tI tJ.:jlf1'l:JfI ':i n':i ':i 1t1Uil ".:jUtlf1f1 11.,1 ':i~1J1J 
I 71 " • " " 9J.c:I .e::::t. QI 0 9J QI.d .cS QI i '" "l i ~i _I.e::::t. QI.c:I

f11 ':i i 'If'Yl ~ 'U'ill n'U'U 'Yl1 f11 ':i 'ff':i H ~ 'If'U 'If1 ~ 'U':i ~ 1J1Jf11 ':i ~"f1 t'Vl tJ 'If 'Uf11 ':i u ':i ~ UJ 'U fI H 'U fI 11.,1 

<JJ d .c:. d_1 i tl d.:9 .?I ~ 0 I .d ,I 

'tIm'Yl 'il'il':i .:j'YlU':i1f1{J 'U'Vl'U 'Ylfff1'l:J ltJtJf1l/ ltu'Ufllf1~U'U'U mnuuu lf11f1~U'U 'Utll "t1't1 tJ.:jUfI"~':i ~1J1J 

ms i ~~~'Uflll/ ItlU1J1JflN"l lIlt'YitlWi1Jlf1W et1f11':i i Mfilf1~ U'U'Uflll/f11':i H 2-14 t~tJ~ 'il~ i~ 

l/tJ.:jt..1 'U 'ff\ll'Ufll'Vl'tl tJ.:j ':i~1J1Jf11':i ~~f1ml/ ':i~1J1Jf11':i i ~~~'U i'U I ilu1J1JflH"l i ~ijfl11l/,r~t euum 

t.:j~'Uu~1tJ1i tlt~tJl/ 1t1.:j'H lf111mYl/~'U nn'Ufi1Jf11':itl':i~tiJ'Ufl11l/'Q~l/ 'ffl/\j ':iW'tItJ.:j~'Ur~tJ i Mfl':i.:j 

QlQI rI .c9 .c:IQI rI 'J,JI .e::::t. QlJ
f11J 1f1~tl ':i ~'ff .:jfl'tltJ .:jf11':i fff1'l:J -11 ~ t1l/'H" f1tf1W CV1f11 ':i i 'H f11f1 ~ U'U 'U ':i ~1J1J f11 ':i~" fIf1 1l/f11':i 1.:j~.:j'U 

0-12% 3 

12-35% 2 

35%~'Uitl 

>J 

tJlfftl':i ~ 1J1JvitJft.:j tJ1'If"il ':i~ mu 2 
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1-5 tl 5� 

5-10 tl 4� 

1O-15tl 3� 

15-20tl 2� 

20 tl~U'tJ 

5� 

4� 

3� 

2� 

iI • 
QJ a d ... 1� 

fll ':i 'iI~ fll ':i YlU 'V1t Yll~ lJ ~ fl 
OJ 

2� 

3� 
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'" ,... d 

'1111.:1 \Pl1 u~ 11~ t'lWILVI'IIt:l.:l'VfU VI 2 

\'hJihnnB''lJ11 ~ .:I til~ .:I ~ 'U 

ijf11l11i''lJ11~ nJ1~ .:I~'U 2 

d 

'lf1fll'V'l 'V'l~. 2) 

f11l1~i1'O~tJf11l~~\Pl 

(ff1lllt:l.:lUm~n1~~ff\Pl~~'lf, ff1l~'UVI~6;lfll'V'l 'V'l~.2) 

0-50 ~~.I'i 

50-100 ~~.I'i 

100-150 ~~.I'i 

150-200 ~~.11-~ 

5 

4 

3 

2 
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0-250 ;;.I~cj 

250-500 ;;.I~cj 

500-750 ;;.I1cj 

750-1,000 ;;.I1cj 

1J1flfrJl 1,000;;.I~cj 

0-25 nn. /~cj
 

25-50 f1f1.11cj� 

50-75 f1f1.1~ cj� 

75-100 f1f1.11cj� 

1J1f1f111 100f1f1l1cj� 

0-250f1f1. /~cj
 

250-500 f1f1.1~cj
 

500-750 f1f1.1~ cj� 

750-1OOOf1f1.1~ cj� 

1J1f1f111 1OOOf1f1.1~ cj� 

5� 

4� 

3� 

2� 

I� 

mfl~u'W'W 

5� 

4� 

3� 

2� 

I� 

f11f1~U'W'W 

2� 

3� 

4� 

5� 
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1lI 

g)l~H 13 LnlUClltll':i t ,rfi1f1~ LL'U'U tll'H)~ i'tll1~'UUfl~'l11 

1� 2 3 

2 3 

2 3 

*,untll'tl9J filf1~nUU I 11Jiif11'HI'ii'mlfiu." 2 iif11'j'eJ'ii'm:lfiu"1l~11iiif11'jtlllCli'mn, 3 iif11'j'eJ'ii'm:lfiu., 

II Cl ~ iirnstlllCl i'mn 

o 31� 1.1 "11.1 d w "'I 31 I 'I'U 1'\1 tJ1J... fl 'il1tlm ':i~tJ'lJU'lJ'lHH)'lJ ':i1fJU fl~ ~ L'Y1 uu nuLtllU CVl m ':i ~ 11 mneu'U 'U ~ 'U 
1lI 1lI 

tll':i':i~'lJ'lJH~~ ~11J~1':i1~ 2 - 13 'il1tl'l!'Ut,rfi1ti1~fi1'l1111'1!tl~11J111,j'tJ'\ItJ~tll':i':i~'lJ'lJtll':iH~~ hw 
I SI� II , 

ms 'l11fi1f1~U'U'UViL~Lt1~lUtimhti1~'l1111'1!tl 'il~Hfl~'W£'\ItJ~fi1ti1~'l1111'l!tlViL~ ~11J~1':i1~ 14 
1lI 

U~1'l11fi 1f1~ U'U 'U ':i 11J'il1tltll':iti 1~ fi1'l1111 'I!nunls~t~'U ffmJfl1'W':i~'lJ urn ':i H~~~l1J seuu rnr t ~ 
d", I:� v 'j/.l dI "I 'j/ I " 'I 'j/ ~ 'j/ I I 

'Y1~'U'\ItJ~fl1J'U 111 1fJ~'U H~ 91~ ~~ 'il1tlfllHfl':i11J'\ItJ~LtllU CVltll':i ~ 11 f1~U'U'U':i 11J'Y1~111J~f1lU~1fJfIltn~.� ... 
SI� II '1/ II • 

'l1111'1!tl~11J~1':i 1~ 14 ~'il~ L~Hfl~'W£fi1ti1~'l1111 'l!m 11J't1~111J~ 'il1tl'l!'U'l11fi1Viu,j~t~Wlh~':i~~'lJ 
.,j 'I 'j/ ?I "'I 1.1 '" '" 'I 'j/d '" t'WtJ ~'lHlJlHtllUCVl	 t'Utll':i ':i~L1J'Utlln~'lJ'lJHfl~~l1J':i~'lJ'lJtll':i ~')j''Y1~'U~11J~1':i1~ 15 
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. . 
~ ....� 

1.2� fl11:lHnPl~'U'UtNl'I'U't1 

.;, ,,,~.; 

2.2� fl111W urm ~l'I'U't1ll'11:;1J\1fl 

3.� 1zuutn,,~iifl .� . 
aI 4 old .. I� 

3.1� rm 'ilflfll'jl'l'U't1ll'llZ1J~fl 

.. ~.;. .1� 
- fll'jl~'jfJ1Jl'I'U't1fltl'U1J\)fl
 

.1� - mr'U'l.JlI1JIl ~1J \)fl 

- fll'j1Ji'lJ1J~ ~~'U ntl'U1J\) fl~~ 

3.2 fl1'j~LLIli'fl'll1'jZ'wh~fl1mit1/1;\lJl~'Utl~~~ 

3.2.1 fl1'j'~iM'fJfll'jNil~(1Ji1JlUl) 

o ~ ~ 4� 
-� {l'l'j fll'ilfl1'11l'1'11 

• {l'1'jijtl~n'Ufh~f1111JIl~tT~1~'11 

- ~fJlflij 

- ~fJfltlfl 

IV� ~A ~ 
4.� f1118'IJ1flllil'UllilZ'U1 

- 4'U,j'Uifl~'U 

- l1t'U1IIFlfl . 
~	 ~ i" ".'-� 'U'UlJ'U f1Pl'U+l1t1/111fifl 

.,� 
" 0 w 
mtll~'Wll1'U f) 

10� 

5� 

5� 

10� 

5� 

5� 

40� 

20� 

10� 

5� 

5� 

20� 

4� 

4� 

4� 

4� 

4� 

20� 

5� 

5� 

10� 



40 

'" I 

~~~'Umfl~II'W'W mnh~liJ'W 

.,
0-73 ~UJ1fi 

~ 
74 - 146 ~1 

147 - 219 ihunms 

220 - 292 ff'l 
'U 

293 - 365 ff'l1J1fi 
'U 

~ Q.J .e:I.J Q.J J ~ 
fll1'l.h~I1JUm'~~'UU'Ul~flll'IJfJ~1JtT1J\l1W'\l8~~U 

'I .1 "" 0' "" iI '1i1.1 'i o'd"" 'Iii 'Iii 
t'Wm~U~~I1J'Wm11J~~1Jff1J\!~W'IJtl'l~'W~l'Wm~ t"]j'u~~ ttl"]j''W'Vl~'WfIltit~m~ t"]j' 

d"" iI iI 'I .l d Iii iI.1 'i. "" 0' d iI
'Vl~'WI'Vi l~tJ~ f1l1'U'UI'IJ1J'IJ'W t'W'Vi'W'Vl'l1~'U1'W~'WH'l !~tlm~ 'W 1H€l ~lfim~ llfl ~1:'I1~ tnms lfi'U'lJtl~€l 

rn fl ff'W 11JII€l: ~ 1~ 1 ~~ 1nnU 1lfl ~ 1:,.r~ltldH~'W'IJ tl'l ff1J,j~'Vl H m um 'Vi II€l: lfl ij ~1 fil1'tl'l 

'" 
tJ~,j~m~ 1~tli ~~"]j'i1~1~ 'l'Wm~tJ~~liJ'W fll11J~~1Jff1J\!~ W fll11J'I1'W111'l1'W ~11J'lJtl'l~'W 1~llfi 

'" 
'lJtl'l~'W (bulk density) fll11J~'Wi'W~'W (soil moisture) m11J1~'Wm~-~N'lJtl'l~'W (pH) tJ~1J1W 

V'W'Vl~tll~Qi'W~'W (%OM) tJ~1J1wv'W'Vl~6m{'Utl'W (Permanganate Oxidized Carbon, POC) 

tJ~1J1W1'Wl~~I~'Wi'W~'W (total nitrogen) tJ~1J1W'VJtlff'VJtli'ff~I~'WtJ~:lt1"]j',r (available P) 

'i '" d .Id lIJiI '" d .Id lIJiI
t'Vill'VlffI9W1J'VlU€lf1lu€ltl'W !~ (exchangeable K) Ilfl€l19W1J'VlIWf1lu€ltl'W!~ (exchangeable Ca) 

I I !J,I I 

111Jfii1l~tl1J~lmf1ltJ~tI'W 1~ (exchangeable Mg) l~tlm~ihfh~l'lG'j 'lJtl'lll~ €l~~"]j'i1~1~~ 1~~lfiH€l 

m~l!fl~ 1~,.r~ltldN~'W1J1tJ~:liJ'Wm11J~~1Jff1J\!~ W'lJtl'l~'W 1~tli ~'11 ~f1lfiW ctl~lfi.,rtl~€l~l~ 1'l 'l'W 

...1 Q Q .d QI 0' .::6 0 ct 91 I 

f11~U~:!1J'W~.Wl,.(~'W 'lm 1ty (2529) ll€l:'W'l~.(25.37a'l ~~'W 11J1!'I1mfl~ll'W'W 

o QI .t:!i GI v dl 0' Q '"l 91 ct 91':: Q 

m1Jm~'Ufll11J!'I11J1:ff1J l'Vitl !'I1'Vl~ 1'U(l'lffm'W fffll'Vifll11Jtl~1J ff1J'U~ W'IJ tl'l~'Wmtl !~m~ !"]j''Vl~'U 
• 'U 

... 1 91 91 GI ~ d I: I 91 91,1 , : I tI 
1'Vi 1:u ~f1l1 'U in 'IJ 1J 'IJ 'U t'U'Vi 'Un~1J 'U 1'IJ 'U 1~ tltl tI'I11 tI~'U H'l ~ 1J 'U ruuUtJ ~ ~ eu'U 'W m 1JlfiWCV1 fiU 

'" 
tJ~:liJ'U~'l~tl 1 tJi1 
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, -3 
f1111J'I1'Ulll'U'U':i11J (g em ) 

!JI , 

'U eurrn 1.2� fll 

1.2 - 1.4 2 

1.4-1.6 3 

1.6 - 1.8 4 

1.8 - 2.0 5 

1J1flfl';h 2.0 6 

, 

Yi1Jl: 'U~f1':iltl1 (2529)
" 

, 
pH� mf1~II'U'U 

4.5 - 5.5� 2 

"" II) !JI "" !JI II)!JI'" _1"'_1
')j''U~'l~'lltJ ~~ ~'U\PItl~ ~~':i'lJf)1':ilJ':i'lJlJl~ 

5.5 - 6.0� H'lm~'VI'lJlOitl.w')j''lJ1~')j'iJ~~'U~tl~1~i''lJ 3� 

rns 1J i''lJ1J~ ~
 

6.0 - 7.0� .w')j'l'1~tlIl~'lJ l\P11~~ 4 
" 

5 

.. "" ..
'VI1J1: t1.m~ (2534; 2542) 
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il .... c:I
1 V'WlfUfl 

I 

m~'lJ~~lij'U mfl~ll'U'U 
cO '"'" V'UmfJ1flQ 

.
!V I IIJ I": J0 

'UVfJf1110.5 fll2J1f) 1ilflm'l11~ 11U'V/1J'\I'U 

. q 

0 ..: !V 
0.5 - 1.5 fll 1il~Vlm~l'V/1J'UVfJ2J1f) 2 

1.5 - 2.5 ihunms ~'U ~1J ~111fl~ ~1J 1i1~Vl'l11~ 1 ~ ,j'H~'ll'~~ 3 

1ilflmm~ 1~~lfJ 1l';1ilflV1'I11~lvi1JU'VfJq q 

2.5 - 4.5 4 

QI Q,I QlQI Q,I~ ct " 
mllfl~'il1J1il~mm~fJ1JfJ.:jff1J1J~'Vll.:jlfl1J 

'" cOlIJ 1 '" ..:.1
~~1.:jm~1J 1'U fl~l'il'U ffl~'V/lll'V/1J'\I'Ullfl~ 5 

Vl 'il 'il~ "J.:j1Jlf)'il'Ulil'U Vi'l:l'; V~'ll' 1 ~ 

. 
cO '" cO 

'VI2J1: vm~ (2534; 2542) 

, !V I .1 '" 
V111H 19 rns 'I1mfl~ll'U'Um~lJ~~l1J'U Pennanganate Oxidizable Carbon (POC g/kg) 

POC (g/kg) 

.!V I 

'UVfJf)11 < 2 ~l 

2-4 2 

2J1f)f)11 > 4 3 



43 

I 

mfl~u'U'U 

(total nitrogen, %) 

~ I 

'U eurrn 0.02 911lllf1 

.d ~ 
0.02 - 0.08 1illPJ tn '111 ~TrnJ 'U fltlIIIn 2 

0.08 - 0.12 ~'U~mi1U"~~'l.J1il\Pltn'l11'ii~~1.:j Vl'l11Pl1Pl 3. .. 

0.12 - 0.18 4 

lllf1f1il 0.18 5 

""'Vlmy'Vl fli'ff Nmm\Pl~.:j,,!1Pl 
I <!t I

f11nh~tiJ'U N"m~'VI'I.J\Plfl'Vl'l1 mfl~u'U'U 

(ppm) (%) 

~ I ~ ~ ueerm 10 \Plllllf1 911f111 50 \Plfl.:jf11'i1il\Plfll'111'iff.:j~1f1..• 
~ ~ 

10 - 15 \Pll 50 - 75 \Plfl.:jf11'i1il\Pl tn'l11'iff.:j 2· .. 
15 - 25 ih'Ufml.:j 75 - 100 \Pl 

~ 

fl.:j f11'i1i 1\Pl tn'l11'i 3• 
~ "f

25 - 45 ff.:j 100 tn'\J'\J~\Plfl.:jf11'i1il\Pl tn'l11'i!'Vl fl 4.. • 

'if1fl1ml~fllPl~ff~'I.J'itu

., . .. 
0' 

I .. i I ~innrm 45 ff-nnn 100 ~\Pl fl.:jf11'i1illPJ tn'l11'i u,,~ 5 

tn'\J'\J~m~'VI'I.J~flf11'it'\J~t1!t~'I.J 1\Pl 

""
I

"" "" 'VIlll: flmlPl (2542) 
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l'V'lU'Vlm;tlll 

(ppm) 

'JI , 
ueerm 30 

fl1'j 

lh:::&w 
. 
0 

IPll1J1fl 

'" fH'1fH'1lPlff~ff~ 
.. q 

(%) 

1'11fl1150 

, ... 
Hflfl'J:::'Vl'U1Pl fl'V'l 'If 

'JI 
IPlfl~fll'jnllPlfll~l'jff~lllfl 

q .. 

30 - 60 
~ 

IPll 50 - 75 
'JI 
IPlfl~fll'jnllPlfll~l'jff~ 

q .. 
2 

60 - 90 ihunms 75 - 100 ~fl~fl1'j nllPlfJ1m'j
q 

3 

90 - 120 ff~.. 100 
'JI .,j 

fJ1m):::lPlfl~fl1'Jn llPl fJ1~ 1'j l'V'lfl 
q 

4 

,
innrm izo "J~1J1fl 100 

., <I 
'j fl'l:l1f11111f:J~1l ffll\!'jW 

L I 'JI
lllPlfl~fl1'j n1\PJfJ1~ 1'j Ufl::: 5 

fJ1'iJ'iJ:::fl'J :::'Vl'U~flfl1'j 1'iJ ~tul~'U llPl 
" 

Vi1J1: flih~ (2542) 

.. 
UflfllCJftlll 

(ppm) 

fl1'j 

'l.1'j::: dJ'W 

'" HflHfllPl'Q;~~~ 

(%) 

I ... 
Hflfl'J:::'Vl'UlPlfl'V'l'lf 

, 
fI1f1:::11'W 'W 

'JI I 

uesrm 50 
~ 

IPll1J1fl 1'11fl1150 
'JI 
IPlfl~fll'jnllPlfll~l'jff~lllfl 

q .. 

50 - 100 
~ 

IPll 50 -75 
'JI 
IPltl~fl1'jnllPJ fJ1~1'j"J ~ 2 

100 - 200 'l.11'W flfll~ 75 - 100 
'JI 
IPlfl~fl1'j nllPlfJ1m'j

q 
3 

200 - 600 ff~ 
'U 

100 
'JI .,j 

fJ1'iJ'iJ:::1Pl fl~fl1'jtillPJ flml'j 1'V'l fl 4 

., <I 
'jfl'l:llf1 1111f:J~ IIffll \! 'j W 

1J1flW;h 600 "J~1J1fl 100 L ''JI
lllPlfl~fl1'j nllPl flml'Jllfl::: 

q 
5 

fJ1'iJ'iJ:::fl'J:::'Vl'U~flfl1'j I'iJ ~tul~'U llPl 
" 

... '" ..
'Vl1J1: flm~ (2542) 
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I ...
mJflih~mJ (ppm) fll'i'lh~!iJ'U ~Hlm~'YI'l.J~V~')j' 

. 
~ I 0 ~ 

'UmJfld136 ~l1J1fl ~V~fll'i~l~Vl~l'i~~~lfl. .. 
~ ~ 

36 - 120 ~1 ~V~fll'i~l~Vl~l'i~~ 2. .. 
~ 

120 - 360 lh'Umn~ ~V~fll'i~l9Jmm'i 3 

.,j 
360 - 960 ~~ m'il'il~~V~fll'i~l9Jm~l'i!~V 4.. ~ 

w 0' 
'i fl'l:J1Fl11~~1I~ ~~ \! 'iW 

, I ~innrri: 960 tl~1J1fl ~~V~fll'i~l~mm'iU"l~ 5• 

m'il'il~m~'YI'l.J~Vfll'i!'iI~ty!~'l.J 1~ 

d QI cI 
'YI1J1: 'U~"lflllW (2537) 

" 
!flWttlmr ils~!iJ'U 'i~~'l.JFl11~~1I~~~ \!'i W'\JV~'YIi'~tJ1 m ~ 'U '1'Umsffflllli ~tmi'~ 

" 
i1'~tJl11mifJ'l'Ufll'itJ'i~!iJ'U'\JV~~lFl~U'U'U~l~'1 (~l'iH 16 - 24) !'I1'U Fl11~~'U1U,j'U'i1~'\JV~~'U 

" 
(bulk density) Fl11~tjf'U'l'U~'U (soil moisture) Fl11~!~'Umll-~1~'\JV~~'U (pH) tJ~1J1WV'U'YI~fJl~Q 

'l'U~'U (%OM) tJ~1J1wv'U'YI~6m1'l.Jv'U (paC) tJ~1J1w''Ulm!'iI'U'l'U~'U(total nitrogen) tJ~1J1W 
• .1 •.1" d~ .1 'i 0' 'i d d ., IIJ~ d d .,
"'V~..,V'i~'YI!1J'UlJ'i~ tf)'lf'U (available P) t~U'YIm9W~'YI~fllltll (extractable K) UFl"l!9W~'YI~flll 

IIJ ~ d d d ., IIJ ~ 'i 0 I dllJ ~ .,
tll (extractable Ca) U~fl'U!9W~'YI~flll tll (extractable Mg) tllfJfll'i'UlmFl~U'U'U'YI ~1I'i1~fl'U'illfl 

" " 11'i1~fJ '1 'U mnls ~!iJ'U U"l~flll!~'U~lFl~U'U 'U '1 'UU~"l~~1~'lfi1;111 'illfl~lFl~U 'U 'U !~m1~~ ~11 '1~tl~'i 
. " . 

fll'U 1W!~Vfll'itJ'i~!iJ'U 'i ~~'l.JFl11~ ~11~~~ \!'iW'\JV~'YIi'~fJlm~'U '1 'U~'U Vivh fll'i! flll ~ 'i'\JV~ 
I ~ ~.l., I IIJ.IJ' 

~~'l.J1'U~'U~HlI~~V~ lJ'U 

I I ~ QI .... 1 cI d cI cI QI .oC:l 

mFl~U'U'U'\JV~U~"l~lJ'iI'ilfJ x 100 = !lJV'j!Clf'U~Fl11~~1I~~~\!'iW'\JV~'YI'i~fJlmll'U 

" '" 
'ill m!'UtJ 1 'Ii'V~ "lvr~ ~ ~lIVi'~ 'ill nrm l!m1~ l1''YI H ~tl~ rrml'i~!iJ 'U Fl11~~11~ 

cI.t::l 3J ...I.t::l a,. QI QI cI 
~~\!'iW'\JV~lI'U U"l~'\JV~"l'illflU'l.J'l.J~V'l.Jm~'i1fJUlJ"l~('i~'l.J'l.Jfllm"l~) ~l!')j'V~ tfJ~Fl11~~~~'U~ 

I ~ ~., o'~ ~ d. 1 'i '1 ~ <> dd d ~ d 
'i~~1H'\JV~"lU"l1~ ~ !ml~~'\JV~"l1l1m~ 9JU"l~ r-l"l'YIlJ'i lfl{] tllfJ 'lfU'U1FlllU"l~'YIqll{]'YI!fltl1'\JV~~ 

='I QI QI 3J 3J QI ... 1 3J '1 <> .,j '1 y d ei l d I 

!1J'U~1~'U'l.J~~'U'\JV~"l ~'iV~fl'l.JUlJ'i'\JV~"l 'U!'If~~'i'iW'U1 !~V ~m'UtI~~m'U.fl1~'\Jv~~'U'YI~~ 
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-: <jI 9J ~ 3J d'.d ~ '<iI 3Jd~ ~l.d d 

'U 1'I11V(9) 'U H-:J 111 flfll 'jhnJn: 1v'I1'U 11 (9) 'U1 'U rns tflfJ (9) 'j1 'U um'l~ 'j ~ 'U'U ms ~ '1111 (9)'U 1111 (9)'U 11 f11111 
I "1 I 

"GJ W 'I 'JI "'d 'JIll)'" 'I 'JI GJ ... dGJ 'JId'" II) 'JI , d 
~(9)llffll\!HU ~'U'j~(9)'U ~(9)'UHU"~11iflUHfl ~'\H'VH) ~mflfJ(9)'jfl'j ~'U~'U11 ~'I111(9)'U ~(9)tJVHll 

lh~iYl1lim~ 

I il .. d .. nu tJWl1'U(9) 

1 - 20 

21 - 40 

41 - 60 

61 - 80 

81 - 100 

. 
d W 

11111: 1WJ'U1 (2551) 

W 
'j ~(9) 'Ufl1111 tJ(9)11• 

.. .. 
ffll\!'jf.l.!'UtJ-:j(9)'U 

, 
0 

(9)1ll1fl 

, 
0

(9)1 

tJ1'Uflm-:j 

ff-:j..� 

"I-:jll1fl 

'" d(9)'U 111i 1(9) tJ1'I1 n• 
1'J1 'JI 1 'JI'"(9) (9)tJ-:J (9)'j'Uf1 

I 

'" d 
(9)'U1l1i1~m'l1Tl 

, 
0 I .d a 'JI 
(9)1fl1111~'I1(9)tJ 

'" d 
(9)'U1l1i1~m111 

... d '" 
~ '1111 fl1'j t11 'j tyt 

'" d 
(9)'Ull1il~m111 

'JI ... 
(9)tJ-:jfl1'j'UtJ-:j~ 

'" d
(9)'U 111i 11.1 tJl111 

fll 'j il 'j ~ tiJ'U 

~1ll1fl TI'I111Jff1ll1'jtlih1tJ1~tJ'j~ 1V'lfU 

'jtJi''UtJ~-:jil1~ -:j~'U 

TI'I1mjTI1-:j ul9iiimit'U'j~~'U.. .. 
1fl1'j 

TI '1 W d 
, 

d I 'JI . 'I1tJV 'U 'j ~(9)'U l1t~ V-:j~ tJ(9) tJfl1111(9) tJ-:j ms.. 
'U 1(9)trJ'UtJfl~ 

~'lftJ~1 'U 'j~~ 'U~lllmn'U ~ tJl9i tJfl1111 

TI'I1111mn'U1il vl1111ff(9)~h'U'UtJ-:j1i 1(9)• 
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,..,. 
'UfIfI 4 

"'l .. ... '19/ '19/d... _I 9/ 9/
"lflfll'HYfl1:J1f1111JfJ~1J ff1J\l'Hl.l 'tJfl.:l~'1Hl1t1 ~91fll~ ~ 'lfYl~'Ul~ reu~flU 'U'l.H'tJ1J'tJ'U 

I d 1 : 9J 3J ~ .:k ~ I ci I: I -: I 0 Q.I Q.I 

t 'U~'U'Ym1J'U1'l11t191'U ~N CJ1.:11lJ'U ff1'U'I1'U .:I 'tJfl.:J rl1J'U 1ff1'tJ1'tJfl.:lrl1J'U 1U1JU'lJ~ nunn "fl1J'Ylfl.:l ".:I'I11~ 

l:j}tI.:I t mj 1 ~ tlfffl1:J 19l11Jfll~ 'l~'lJ~ ~ 1t1'lfu~ ~'U t 'U rm l~ 1~'lJ rl.. flYJ'lf 1 ~tI t ~11i msnnum1J" 1fl 

w 9/ 9/ d1 9/. 'I .,j '19/~ 9/ _I
9l1U'Yl'Ulfl1:Jmm 1"1'11'U1'Yl f1HflU'I1rl1.:1 Url~~'U1 ~'U'Il1J'lf'U l~fl ~'lfllJ'U'tJfl~rllJ~~flfl'UflU 

Yj"nw -I 'l'U rm fi~ltiflflif'U ~ Ifl1:J 91 Hi11 I'Yl'U I~flllfl~ 1~11f1111J fJ~1Jff1J\l ~W'tJfl.:l~'U 'tJfl.:l'l1~,j'l'U ~'U 
.1 '19/d ... 19/'" ,1
H.:I ff11J1~tlff~'lJ~~'U'Ufll~ ~'lf'Yl~'U ~~.:I'U 

d ~ 

~~'U'U'Yl 1 flfl fll~'lJ~flYJ'lf1~/YJ'lfHfl 1~tlfl1fftl'l,hH'U f1111Jrl1~i'U 12 - 35 

.� .�~ 

~~'U'UYi 3 flfl fll~'lJ~flYJ'lfHfl91rlfl~iJ'I11J'Uilt1'UYJ'UYi U,j.:lI~'UU'lJrl.:l~fltl f1111Ji'U 

_I .. d .. 
m~ 12 - 35 IlJfl~ ICJ1'U91 

~~'U'U~ 4 flfl fll~'lJ~flYJ'lfHfl91rlfl~iJ 1~tI'lJ~flt~1Jif'U~ f1111Jrl1~i'U 12 - 35 

.... 
~ 4e:t.' oil SlcS.cs .c:s QI.c:I 

~ 

4.1� 'lJ~'lJfI'Uf).:I't'tUflQtJU1't'i1tJ~UN.:I m 1t1rl~!fltl~ ~.:I'U 

..., ""_I 9/ 9/.1 ,..; 0 9/ _I 0 

4.1.1 t'lfl1:lW~.fJtJlJ~~tfIff 'I.Jl'U91'UH.:I 'I1~'Yl 17 9l1'Url'1J1'UUlJ~ fl1Iflfl"fl1J'Ylfl.:l 

~.:I'I1'r~1 :j}tI.:I 'lmj ri1'U 'l'I1qjl~'U 'lf111'tJ11~1'lJ flllflfl~tyfl (fl~ 1'I1~ tI.:I) ii~fll~ tlfl9111J fll1:J1l1'fl.:l6'U 11 

~ ~ 1 ~ J.d I 9J ~ 'Cil I 'Cl Cl ~ I " .c:s QI

"~~ fl~ ~ fl flrl~" ~'U 'Yl'l11J'I.Jl'U9l.:lfltl t 'UI'tJ 9l-U1ff.:I1'U II'11.:1 'lf191" fl1J'Ylfl.:l l~ 1J1u 'U '111J 'I.Jl'U I~ tl1fl'Ufl'U.. ..� .. QI 

,j'1'U 'tJ.'U u'lJ~ Url ~iJ ~. ff .2546 1~I!tIfl1J1;.:Imj,j'1'Ut mj 1~fl.:l" 1fl ~ 1'U1'Uil ~ ~ 'lf1m ~!'vi1J ~'U .. 
I iI� tJ I 

~fl1:J w~Yi~.:I 'tJ fl.:l '11 ~,j' 1'U fl~ t 'U '11 'U 1'tJ rue ~ii ru 'tJ 1~eu ~ au ri1'U YJ'U Yi fll ~ 1fl1:J 91 ~ m ~"1 tlfl ~~ fl 'U cu cu q cu� <u 

.c=. rj/ l.ct.:::t Q.I -:� .cso 9J 9J J I

'U~ nw '11~ 'I.Jl'U ~'U 'Yl1JfI 111J,,!.:I " 1m~~'U'U1'Yl~m'lJ1'Uflrl1.:1 1,268 11J91~ 1Jrl1'11 1t191'U H.:I 1'I1rlH1'U 
Ii' I i,I� iI I 

YJ'U Yi 'I1~,j' 1'U vb t..rii '111 'l~ff1'11 i''U fJ'lJ 1flfl 'Unfl fI !lrl~YJ'U Yi Ifl1:J 91 ~ 91 rl fl~ iJ ii ~ 1'U1'Uil ~ ~ 'lf1m 
i,I I iI� i,I , 

fllfftlfl~ 116 '11 ~.:IfIlI~fl'U iiYJ'U 'Vil1.:1'111J~'tJfl.:l'!11J'lf'U 4,240 1~ iifl1W 11'tJ91'tJ fl.:l'll1J'lf'U ~~fi flfl'UYJ'U 'Vi 
~ 

'I1~U1'U tfl~l~tI.:I~.:Ii1(fll~ 6) 
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...." .., 
'VfU'VI 

!II . 
,~ 'H)t1'l~ (%) 

0-12 1,750 41.34 

12 - 35 2,419 57.15 

35 - 55 71 1.68 

>55 0 0 

'i111 4,240 100 

v ~ .d 1 ': 9J 9J,l.::! QI QI: ... I 
1~YI'I.JfllnJflll'IJiY ~ 'W'U 'VI 'lll 'U 1'l11t1\91 'U H'Im ~ fllJ f11111 ff'l 'illns ~fllJ 'U 1'VI ~mlJ ru 

~ q ~
 

~
 . 
f)'lN~'1U~ 940 - 1,340 tllm lfltlih~')lJf11111ff'lw 'ilfll911fffl 940 tll\9l'i U'l~'ilflff'lfffl 1,340 tll\9l'i 

qJ q q q qJ q 

~ ~ , 
lfltlih~')lJf11111,,!'1~'1U~ 940 - 1,020 tllm ijVi'UYi~1'U1'U 119 ,~ ~fll~'U 2.80 11J~{t~'\.J\.1'U~'1 
" I" ,W 

Vi'UYi 'i~')lJf11111,,!'1~'1U~ 1,020 - 1,100 tll\9l'i ijVi'UYi~1'U1'U 818 , ~ ~flt~'U 19.29 t1J~{t~'\.J\.l'U~'1 
" I " J/ I.:!I.e::! QI QI I lC:S.:!IlC:So "lIQ.?1 .... 1 tid 0' 

'W'U'VI 'i~fllJf11111,,!'1\91'1U\9I 1,100 - 1,180 tll\9l'i 1l'W'U'VI'il1'U1'U 714 ~'i f1flllJ'U 16.85 tlJ~'iI9f'U\9I'U~'1 

" I " J/ t 

Vi'UYi 'i~')lJf11111,,!'1~'1U~ 1,180 - 1,260 11l\9l'i ijVi'UYi~1'U1'U 1,443 ,~ ~fll~'U 34.03 11J~{1~'U19i' 
" I " tI 1 

'U~'1Vi'UYi U'l~'i~')lJf11111,,!'1~'1U~ 1,260 - 1,340 tll\9l'i ijVi'UYi ~1'U1'U 1,146 'l~ ~fll~'U 27.04 
_I o'c:l 0' .K d ... 
llJ~'iA9f'U\9I'U~'1'W'U'VI fl'l\9l1'iN 27 U'l~m'W 8 
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I JI I' 

4.1.2 ii'flllw~~1jtnfl1ft ttj~~'\llntl'U6~wnn ltlHtll'j'VI"1~,'UulJ~ t~'UVl'UYiYi 
~ fj} J d"J IdS! .::. .a Q flQ,1 ...1 0 ~ Q,I ~ 4:!l .a 

m~tJmJ1J1Jl'U\9l'U~N CJ1~ ~1l1l'\J~\lMJllVltllf1t'Vm1tm 1~'VIm111W~Vltllf1lJ'j~ '\l1~'U fl~'U'U '\l~t,,~n 

... 14 ~I QI.:to <ld.QQ,I'" Q tid dQl

lJ'j1l1WH'U'j1t11'U'\lln ffm'U\9l'j1'\lVltllf1'\J ~~ffm'U 1'\ltI ~ tlH tll'j'VI"1~~'U'Vl'U'U'Vl CJ1~1l"nfJW~'Vl1~ 

Q,I Q,I Q'JI 4:!l Id Q,I G) 'JI oCt ~ G) 'jJG) tI, d 
tlltlfll~tl"1t1tl,,~n'Utm~~~'Vl'j~fltJm11l~~ ~n"ttltl~n'U t~~ I'll' 1'Unu 1tm1~'VI mmsmnuinu . .., 
,r~\l"'\llmtl~~~ij~1fllJ~1l1W~'UUtJtJ1l1\9l'ji1'UYi~~~gflltlt'Uffmi1 (tl ~.f1. 2544, 2547 u,,~ 

., .1 ., 
2549) ~tJ11 tll'jm~'\l1t1lJ~1l1W~'UtJ~nW~1l'l11l1'1t1~'U~~ij~~i1 (\9l1'j1~ 28 ) ~n1t1 (2553) 

I Q Q Q,I d ~ 

4.1.2.1 'll'1~q~'VI'U11'\lln~'Vlli~"'\J~~"1l1l~ffll\9l~1'U~~m~W~t'VI'U~(NM) 

'j~'VI11~t~~'U~qf1~tlltl'U~~t~~'UfJllfll~'Ui' ijlJ~1l1W~'Um ~tIt'VhntJ 42.6 ij ~1'U 1'U1'U~ ~'UU~tI 

(0.1-10.0 ii"~~ll\9l'j) 31'U ij~1'U1'U1'U~ij~\J~~'U,r1~U~tI00.1 - 20.0 ii,,~tll\9l'j) l1'U tm~ij1'U 

~'UlJ1'Unm~ (20.1 - 35.0 ii,,~tll\9l'j) 1 1'U 

4.1.2.2 'lf1~ til ~ tI'U q ~ '\)1 nq ~ 'VI 'U 11 t,r1~ q ~ ~~ 'U (SIM) 'j ~ w;h~ t~ ~ 'U 

ij'U1tllli1~t~~'UtllfJ1t1'U lJ~1l1W~'Um~tI~1fl 1~ij~1t'vhntJ 72.5 ii,,~tll\9l'j ij~1'U1'U1'U~~'UU~tI5 

1'U ij~1'U1'U1'U~~'U~~'U,r1~U~tI l1'U tm~ij~1'U1'U1'U~~'UlJ1'Un"1~21'U 

4.1.2.3 'li1~t~1l~'Uq~~'U'\lln~'Vlii~"'\J~~"llll~ffll\9l~1'U\9lm~tI~t~ (OSM) 
I .a .c9.a Q d ~ ,.d .a "J 'jIQ,I Q Q 

'j ~'VI11~tfl ~'U~ qfJ mau ~ ~tfl ~'U 11 fl'U 1t1\J CJ1~t 1J'U 'll'1~ 'Vlflltlt'VI 'U ~\9l ~'U tJ'U ~fl 'j u ~'Vlli~" '\lln"ll 
., 

QI d G)'jJ Q Q , d 

m"11l\9l~1'U\9lm~W~ I\9lU"~~'Vlli~"'\llm~~ll'j"1ll (Inter - Tropical Convergence Zone) 'U~n'\lln'U 

ti~ 1~i'tJ~'Vl ii~" '\J ~~~ 1~'VI ~'Ut '\J \9l ~~'U ~ ri~~1tJi ~ 1W'Vl ~m tJ'U fl11J'UU" ~ 'Vl~ m ~'U t ~nunu ~1 tit~'U 

tlf~m11 ~1'U1'U1'U~~'U\9lm~llt~1l~\J lJ~1l1w~'Um~tI~1fl 1~ij~1t'vhntJ 716.5 ii"~tll\9l'j ij 

~1'U1\J1'U~~'UU~tl281'U ij~1'U1'U1'U~~'U~~'U,r1~U~tl81'U ij~1'U1'U1'U~~'UlJ1'Unm~ 71'U ij 

~1'U1'U1'U~~'U~~'U,r1~'VIirn (35.1 - 60.0 ii,,~tll\9l'j) t~tI~ 4 1'U u,,~ij~1\J1'U1'U~~'U'VIirn1l1n 

(1l1nn11 90 ii"~tllm) ~1'U1'U 1 1'U 

4.1.2.4 'li1~ n"l~q~~'U '\lln~'Vl ii~,,'\J ~~ "1111 'j "111 \9l~1'U \9l m~tI~ t~ (SM) 

I "l "l "l '" ok ~ I d "'.. 'I"" 0 '" .1"
'j~'t111~tfl~'Um nQ1tlll~ ~tfl~'Un'Utl1t1'U CJ1~tlJ'U'll'1~'Vl "11m "11l\9l~1'U\9lm~w~ l\9llltll"~UH'\J'U rn 

'I ' .:.. ... .1 'I .. 'I" " 0 'I " "'.. 'I"" 0 '" .1 
~ 'U'll'1~'U1l~1~'t1~'Utf1fl'\J'U ~ 'U'Vl~t"'\l'U ~\9lfl1t1'\l~'V11 ~ 't1 "1l1l'j "11l\9l~1'U\9lm~w~ l\9llltll"~UH1l1n'\J'U 

Q Q ... 1". 'JI .a I QI d I .. I Q ... 1 .:to 
~'Vlli~" '\l1 n u 'U 1lJ~ n ~ ~ CJ1'U 'j ~ \J 'VI 'j nu'U 1'j ~~ 11 '1"111 tI~ tl~ 11 ~ ~ u" ~ H'U tJ 'j nwu'U 1lJ~ 'Vl~ '\l~ 11 

lJi1l1Wt~1l~'Utrt~ij"11m"11lt11~~U'j ~ 'U ~n'\llnif'\l~ij ~'U '\lln~ 1~'11 ~'U eunu~1t1 lJ~ 1l1W~'Um ~ tI 
., . . 

t'U'lf1~q~i1ij~wvhntJ 900.9 ii"~tllm ij~1'U1'U1'UYi~'UU~tl431'Uij~1'U1'U1'UVi~'U~~'U',j'1~ 

U~tI 161'U ij~1'U1'U1'U~~'UlJ1'Unm~71'U ij~1'U1'U1'U~~'U~~'U,r1~'VIirn5 1'U tm~ij~'U'VIirn 

(60.1 - 90 ii,,~tllm) ~1'U1'U 1 1'U 
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4.1.2.5 Glh,mJ~fJ\Jq~'illflq~~.h..l!,rl~q~'l1\Jl1(WIM) 'l\J!~fl\J~~lfnJ mJ 

1J'H"1J1Pl~1\J IPlflt~ fJiJ t~!~1J ~~fh~ iJ~ iJ 1J~1J1WH\J!~ 1J~~~ iJ ~flllW~'UfliJH\J~1Pl fl 'l\J'I11iJ;fd~\JH\J. 
U1J1JU\J11J~'Vl~!~\J 1J~1J1WH\J!\l~fJij~l!'vhn1J 262.2 iJ~i1!1JIPl'j ij~1\J1\J1\J~H\JUflfJ61\J ij 

~1\J1\J1\J~H\J~fl\J,rWUflfJ 41\J ij~1\J1\J1\J~H\J1Jl\Jfl~liJ31\J ij1\J~H\J~fl\J,rliJ'l1Ufl11\J 

U~~~1\J1\J1\J~H\J'l1UfllJlfl11\J 

., . 
1J~1J1W'lJ1H\J!\l ~fJ 

(iJ~i1!1JIPl'j) 

, QQ QJ do .4 

I. 'll'l'HWJl1'U 1111 1f)eJ'Vl1i'VHI"leJ~fl1J1J~ff1J~::1'U eJeJm~tJ~l'I1'U eJ (NM) 42.6 

2. '1h~liJ~tJ'Uqt1111f)qt1l1'U111~1~qt1!eJ'U (SIM) 72.5 

3. 'lh~l~1J~'U qt1N'U 1I1f)~'Vln'VIfl"leJ~fl1J1J~ ff1J~::l'U~m~tJ~'~ (OSM) 716.5 

4. 'lf1~f)fl1~qt1N'U 11 1f)fi'Vln'VIfl"leJ~fl1J1J'j ~1J~::l'U~m~tJ~'~ (SM) 900.9 

5. 'lf1~liJ~tJ'Uqt11J1f)qt1N'Ul~1~qt1l1'U11 (WIM) 262.2 

1,994.7 

Gl' 1.d .c:::a ~ ~Q.' Q Q ':.d91 'jJ J 
1\Jff1\J'UfliJfIl!\l ~tJ~W'l1JJ1J"1iJ,,!~ IPll~~ U~~'V'IfffJfJW'l1JJ1J 1J'j nW'V'I\J'Vl1Jl\J~\Jp.jiJ 

1~tJt~,rfl\!~'illflffmij\Pl'j1'il1~mfllfl'ffmij1~fJ If)'jiJfll'j'l1~liJ6\J'Vl\J\J't1 (iI 'V'I.fl'. 2544, 2547 U~~ 
.d .c:l Go' 'jJ .:9 Go' I .d Q,I G) 91.c:l QI a G) 91G)

2549) 91 iJ1J ~ flll W~ 'VlliJ fll fJill'V'l f)~ 1fJf)~ iJfl\JU~ ~ fl~'Vl 'j ~~ 1Jf)111J "1iJ 1fl ~!f) fJiJ fl\J !'V'Ifll '111\J fl U 

'" "1 Q a' Q.d'JJ.c9 111 'jJ 0 QI G1 I I 

1!f)'j 1~'l1 ~tJ'V'I 'ilUW l'illfltflW CV1'U fliJ~W 'l1 JJ1J'Vl 1nn !~ rrunsn Usnu'il iJ'ill\J 1\J1\J 1\JUIPl ~~'111iJ 

flW'l1.tliJff ~ ~~ 'U fl~~\J ~ rimilM1tJ~\J ~iJ rrurunff<; ilm 'j ~\J U1J'j 'U fl~ flW'l1.tliJt \J U,j ~ ~ 'I11~fl ~ fll~ 
q cu cu °4"'4 , q cu 1:11 cu ., 

,]iJij (lPll'jl~ 29) 

4 .1.2.6 'I11~fl~ 'l1 \J1l!rJ\J 'I11iJ~1~ i'1J 6'Vl n'V'l~ 'illfl~ 1J1J 'j ff1JlPl~ 1\Jnen 
·I~ • 

!~fJ~!'l1ijfl (NM) 'l\J!~fl\J 'Ii\J11f)1JU~~ !~m..l1Jmlf)1J !~\J 'I11~~ijf)111J!!1Jrils 1\J 'U fl~flW. 'l1.tliJlJlfl 
~ 

~ff~Uff~~ 1~ 'illfl~l'~fffJ'UfliJflW 'l1.tliJffiJ~iJ 15.8 fliJfl'l!91~!~fJff flW,.WiJff~ff~!\l~fJlyhn1J 27.6 
q q cu cu q cu cu q. . 

.c:l Q 0 ..:::::l' QI .c:l 

fliJfl'l!91m91fJff U~~ ~W '11 JJ1JlPll~~m nnrmnu 11.8 fl~fl'l!91~!91fJff 

4.1.2.7 t \J'I11iJ!1J~fJ\J q~'illflq~'l1\J 11!,rl~q~ ~ eu (SIM) !rJ\J'I11~~ij 
Q ,1 1 Q J/

~W '11 JJ1J "1iJ'U\J fl fJliJs 1~! 'j 1 ~~ !!~ !~fl\Jij\J If)1J U~ ~ 'iI~ ij fJW'11 JJiJ"1~ ~~ t \J 'j ~,]1J ~ nu~~ 'l\J 'I11iJ 
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~ . 
11 '11vt~fl\mJ'I:I1 uu fJW 11 fJij ~ '1~~ 1'Uq~ t!'U 1J1'1'lf1'1fll'ilijfl111.1u11 'j11 'j 1'Umflfll111 fl~ t'u fl'l 'illfl 

.c::=. Q Q d, ... I w I d .c6 1 ~ 0 1 !II..
fl'Yl1i 'W '1'U fl'11.11 '1fll fll ffW'U 'Yl u~ '1'11.1 ru ~ 'Yl ~ fl'U 1.11 '1tn fll fffJ'U 'Ylm fl'Ufl'J 1.1 CJf'l 'U1J1'IflH fll 'il 'Yl-I 111.1 . . 
tl.l<tJmfll1~flij~'U~fl 'til1~flWl1flijff '1ft'~'1~~1'1'1fll111fl~ P)Wl1 flijff'1ff~m~fl 1'U 'lf1'1U 

~ 

ijri1&l11tl'U
q qJ qJ u, " qJ 'U q ., ~ 

31.9 fl'lff1tCJf'1t;flff U'1~fJWl1 fJij~l~~m ~fl 1'U'lh'lq~ut'vhtl'U 16.4 fl'lff1!CJf'1t;flff 

I !II ..... 1 !II 1 I !II <!l
4.1.2.8 1 'U 'Il'1Hl 'U 1.1 'j ffl.l 91 ~ 1 'U 91 fltlW 'I 91 (OSM) 'U 'Il'1'191 'U t~ fl 'U• 

'Wq'l:lfllfll.l t~'U'lf1'1~ijfJWl1fJijfl~1 'U'lh'l~ '1~~ ~flm 1'U!~fl'U ijQ'U1fl'UfJWl1 fJij~ 'I~~t~l.I'1~'1'1 111 

~ .4 .4 ='t,~.:s .c::.' Q,I ~ Q .d lCI I 'QI
'il'Um11'11m~fl'U t'Ufl'l'il1fl!lJ'U'Il'1'1'Yl1.l ~'U 91fl91~91flfl'U mfl'U'U fJWl1 fJl.I~ '1~~t'il '1fll.l numnu 28.9 .. ~ 

fl'lff1tCJf'1t;flff U'1~fJWl1 fJij~l~~m ~fl1 'U'lf1'1q~u!'vhtl'U 18.2 fl'lff1tCJf'1t;flff 

I .1 !II <!l .. "".l.,j
4.1.2.9 1'U'Il'1'1q~f'/'U (SM) 91'Ut~fl'Umfltl1fll.l 'il~l.IfJWl1fJl.I~ '1'U'U t'Ufl'l'il1fl 

~ I ,~ 

tti~~'U Yl'l'lf1'1 U'1~ 'il~ijri1'1~'1'111'Ufit 'U1'Ufiij~'U 91fl flWl1flijff '1ft'~t'il~tJ t 'U 'lf1'1Uijri It'Vhtl'U 28.3 q III~,,'U .. ~ 

fl'lff1tCJf'1t;mY U'1~fJWl1 fJij~l~~t'il ~tJ t 'U'lf1'1q~Ut'Yhtl'U 17.7 fl'lff1tCJf'1t;tJff 

4.1.2.10 t'U'Jf1'111'11tJq~~'U~'Uq~11'U11 (WIM) t'U!~fl'U~'11fll.l v'Il1J 

t11~ tJ'U U11 '1'1 fl~ 11fle V'Ifl'lij ri11fl~t~ fl'l tl'Ut 'U'lh'lt~fl'U tl'UtJ1tJ'U fl111.1 U11 'j 11 'j1'U'U fl'l fJW 11 fJij 

QI Q fj/ 4 .e:t..e:t. , ~ rjJ II Q 

'j1tJ1'U t'j 1.1 '1~'U fltJ'1'1t'U fl'l 'illflfl'Yl1i'W '1'U fl'l '11.1'W1~U '1~ '11.1 1.1 'j ,,!1.1 911'1 '1 t'j 1.1 '1~'U fltJ'1'1 U91 fllfJW 11 fJl.I 

d t <!l .,j .!.!II .k UJ!II... "" "" d
~'1 ~~t'il '1fl 'U 'j fl'Ut~fl'U '1~'1 'It 'U fl'l'il1fl!'j l.It'U1q~11'U 11 CJf'l ~ ~'j 'Ufl'Yl1i'W'1 'il1nu1'1 W'U'il1fl11'j ~t 'Ylff 

~'U ~t~ 1.1 U~'1'11J111flfl '1l.1fllflm.wfl91fl'U 'U'U t 'U t~fl'U ~ fl111 flW11 flij ff 'Iff~t 'il~tJt'vhtl'U 26.1 fl'lff1 
q q qJ CU q 

" ~ 

!CJf'1t;tJff lW~flWl1 flij~lft'~m ~tJ 1'U'lf1'1n~u!'vhtl'U 16.3 fl'lff1tCJfm;tJff 
q cu III~ 1111 " 

'f.l tul'flJijL~~ (J( tJ~tlWlHlL ;m'l') 

q~fll'1 ,
d "" w 

~'1~~ m'1tJ ~1~~ 'WfftJ 

I. 'li1~q~l'f'U l1'illn~'Y1liwn"tJ~n)J)J'Hl)J~~1'UtJtJm~(J~Ll'fUtJ (NM) 27.6 18.0 11.8 15.8 

2. '1h~L'!.J~(J'Uq~'illnq~l'f'Ul1LcU'1~t]~~tJ'U (SIM) 31.9 22.7 16.4 15.5 

3. 'li1~~~)J~'U q~N'U 'illn~'Y1nWn"tJ~n)J)J'Hl)J~~1'U~m~(J~ hi' (OSM) 28.9 21.9 18.2 10.7 

4. 'li1~nm~q~N'U'illn~'Y1nWn"tJ~n)J)J'Hl)J~~1'U~m~(J~'1~ (SM) 28.3 21.5 17.7 10.6 

5. 'I11~L'!.J~(J'Uq~'il1nq~N'U~~'Uq~l'f'Ul1 (WIM) 26.1 20.3 16.3 9.8 
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IV ,,::" v v.J ",".!II :!II.l"" .kI 

4.1.3 fl1'VUl1fl1U't'i~~U1'Ut'l~'fll'lfU'U1Ug)UN~~Hnl11fJ'U1~'U~~m~~l'U C)f~ 

v v 

t~ 'U il1..r 1fJ~ tn~ 'il1flil1..r1fJ~'U U1~ 'U l~t~ fll1~ 1fJff1fJ 1 '11 mJ ll1~ n'U t~'U il1U1..r1fJff1 fJl1 fl flfii ~ 
" , 

dmi''Uf;ju In fI 'Unnnum: i ~i 'U rm tfl1:l~l ~el~'l1~"If'Uu~~t~'Uil1U1..r1fJff1~lfi1 l1~ 1 ihns 'il'Unu 

o ': a ': 1 I ~ ,,:, ': 'jJ 'jJ J "l'jl 1 ~ 
~1..r1fJ'U1'lJ'UUU~ l1lel 'U1U~UU~ i'Uff1'U~el~"If'UtJWm'VH1~'U1~el~'1~'U1l11fJ~'U~~~~Ufl "If'U 

'J/ 'J/ 'J/ • v 'J/ 

tJWm~~~U1 i'U 2 ~1'U1'U 3,237 1i t1~t~'U 76.35 tUel{t~'UIPi'~el~Vl'Ufil1~l1~~u~~i'UtJwm~ 
'J/ 'J/ 'J/ I SI' 

~~U1 i'U 3 ~1'U1'U 1,003 1i t1~t~'U 23.65 tUel{t~'UIPi'~el~Vl'Ufil1~l1~~~~~lll~ 30 

;; , ... "'" 
~'U'Vl" " i'UflWm~ri~u1

2 3,237 76.35 

3 1,003 23.65 

4,240 100 

'J/ I 'J/ 'J/ I '" i'jlo a 0 , 0 'j) iJ..:i.c::s I a do 

~fl1:lW~flll "If'Ult~el'Vl1fllltfl1:l~l~el~'1~'Ull11fJ~'U~~~el~2 UU'U flel U'U'U'Vl 1 
, 'J/ 'J/ I 'J/ 'J/ I 

t~'U l ~'U'Utl1ijel~ ~1 fJtVl el~'U U1t~1 dVl'Ufi'U1i 'U 'li1~n~fl1l Vi 1'U1tvi1U'U fl fl1:lW~Vl'Ufi'U 1t~'Utt 'U'U 
~ 'I~ 

~'U,j'U 1~ ~~'il~el~i 'Ul~l1-j1~iel~l1 Ut~l~'Ul'U 1U~1~U'U1il1J1..r1fJ~'U~~i~ffel~~~ i 'UflllUrielfJ . 
" 

~ 

" " U1t~lduu~~'U1'il~t~'Uflfl1:lW~'Vl1~nflU1~'U1~t~fl nm~l1-j1~il1tl1ijel~l1flflU~~~'UU1t~lduu~~ 
~ ~ 

.,j ~ • '" .1"" : !II '.1 i ,.k ~ """'" .k i
'U1 t~m1J'Ufl1l'il1fl~lJlmW'U1t~lffUlJ~~'U1 'Utfl1:lmmU~~~llfJ C)f~t1J'U11iflnl1'U~ urns 

~ 

'J/ I 'J/ , I 'J/ 

'U~l11l ~~flllU1tVlmt'l.hil'UU1 i ..rt~lduu~~'U1 1~el~1~111i1~U~~tvi1tfifJ~n'U u'U'Ufi 2 l~'U'UU 1 
~ 

.1 l' I .!II!II.l!ll' ... i .: d '" .: d
"If~lJl~'Vl1'U ~fJ~ tm el'il1flml11fJ~'U~~t~1".!UU~~t~1~U~fl~"If 'U ~'U 'Vl ~el'U ~ fl1:lW~~ el~~'U'Vl 

... I I': d .1 "" !II • , : di!ll
t~1~U~fl~"If'il~el~".!~m1~'U'Vl'Ul~'U~U 'il1flflllffel'Um~tfl1:lmmu~~fj'Ul'l1~"If'UWI.J11 urn "If 

'J/ 1 'J/ 'J/ 

i'U flnVi 1fl1l tfl1:l ~ l ~fl 'il~ijiltyl11flll ~l~Ufl~'U U1i 'U 'li1~q~U~ ~ tijel~ 'ill fl11iij,jm~'flU ll1~11~ 

~1~t~'I.J\f1~m~"If~Ul~'Vl1'U 1~ff~1~~'Uiju~mw \hU'elfJU~~ 11id~fJ~~el tdel~ 'il1m~uuvi eld~J1~ 
'J/ 'J/ 'J/ 'J/ , 

~ elm 'il1fl~lfJ~'UU1~~~ 1d~1~ t~U U1Uill~. tfffJl11fJU~~ f1~ 11i1~i'Ufl1l Uti'1~ vh i ..rVl'U fitfl1:l~l 
~ 

I 'J/ 'J/ 1 • 

U1~d1'U fiijl~uuu 1t~1i1~ ~lt~'U~el~~~Vl'Ufifllltm~U~flVl"lf~~ tVlelt~'U ms ufl1 ~i1tlJl11flll~1~ 
~ u 

" Ufl~'U U1'lurns ~~~Vl"lf'li1~'l'U q~u~~ 
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OJ }I UI " ""..!.., -'I lIJ " '" w4.1.4 n-nu.llmu11'WU tl~ 'flJ'lflt1.J1It fI ItN~ n 'JVW1n 'nil L11 't/eJ ~ 'lpJ 'If'U 11 tl n 'I:l w::: 
I • II II 

t~'UtJl~hH't/l~l ~tJtJ'Um't/lvh,.,mil'J:::~tJ'Ul'Yl:::ttllJl'Untll~9i~U9l1,000 - 1,900 t1l91'J fffll~tJlij.. .. 
II JJ ••� 

4 lq 'jJ , .cQ d"J 'J/ 4' I 'J/ .cQ QI ...'1 .e::::t. 4 ....'I.e::::t. 'J/ .d 0 ,� 
t 'JeJWJfl~ L1I U'U 'U nu 11 L1I ~ 'U tl H'H 'U ru 'U'U fl m tlfltl ~ntJ lJl~ tJ'If'U une lJ l~tJUtl au 'U 'Yl911 U91 

I ..,.. ".1 iii "-'I .. ~ .1 " lIJ " I
U91n911~n'U L'Ufl~fllJ'J:::nfltJ't/eJ~~nw 111 lJl~tJt't/1911lJ'J:::neJtJw;w~nw L1It't/91eJtJfJ'U (temperate 

lIJ " .d " ," '" ~Ispecies) Utl:::~nw L1If,Jt't/l (montane species) 'Yl91eJ~nl'Jmnlf'l'fleJ'U't/l~'H'Ul1W'U91tlfl~lJ ~nw 

1~ri1'U 1my 1~uti 1~tifl 'Ufln'il1nii'v~ij~'J'Jw 1m'U'J:::~tJ~l (lowland species) ~t~'U~'J'JW1~ 
I ,.. J ,.." ,J I " ... e .1 .. .d ~" ...

t~'U 't/eJ~tJl~tJ'If'Utm:::ih~tJutl~'t/'U lJ:::lJ'Ufl~~1t1 ~'J'J W~'If'ill~ 1n'H innu ltl1l'YltlJ'U9'1 'U nfl 'H 'Jfl 

'H11t1ijUfltl trlmmtltJtVitltJtitJtJl~tJ4'Uutl:::tJl~1Jtn"~ t'lf'Ut~tl1ti1Jtm1tltl'lf-U~9lW'l 'iI:::~tJ~'UeJ~ 
. " . 

rifl'U.ul~Ufltl 1 'U tJl~tJ t't/l~l fl1111,,!~'t/fl~t7fl'UtleJ~ 1~i'U tJ'U't/fl~tJ l~tJt't/l~ 1 ijfl 1111"!~lJ'J:::1J1W 
4 \11 fJ/ eLI ~ ~ ~ d tl ~ QI ....11 .e::::t. 

20 - lJ'iI~tJ'UlJl~tJ35 t1lm fl1111,,!~'t/fl~t'JeJ'Utlfl~L1I'iI:::tl~tl~91111'J:::~tJml11,,!~'t/eJ~~'U'Yl'Ylt~1I't/'U
, I I '" I I 

t't/l~lViff1l\l'Jwm~eJeJ~Ufltl1l1n ri1'U1'Hqj'il:::\Jn'lf1dt't/lu~1m~t~'U 1 ~ t~fl'U tlfltl fl'UVitJl~1Jt't/l~ 1 
, II 1 , 

9l1111i'J'J1I'lfl~ tijfl\Jn't11tllt1U~TVi~~1~ H'U1W"] 'iI:::tlJ~tI'Ufffll~ 1 lJt~'UtJl~tJt't/l~li'Ufffl~ t'lf'U tJl 

rie 'H7fltJltifl-ff'Ut't/l 1~fj'Ul~''U~~mt11lJl'UtJl~tJt't/l~1&'Ii'U 1~tifl'lf-U~9l1~"l ("hUn'Hfl~'J'JW 
lIJ " .1.1 ~.., lIJ "'" • .. ".1 1 .. ~ -'I w ..dl • ,,: -'I111, 1I.lJ.lJ.) lJ'iI~tJ'U'lt1l'lf'U 1~1Inl'JutJ~nl'J l'lflJ'J::: tI'If'UtlJ'UlJlfl'4'Jn'l:lG]f~'iI:::fl~9111191'U'Ul unein 

G)'J/ .d.a .d dG.l QlJ
1'lffffltlG]f~1Intl'J eru tltJ'Yl'lf~& 'iI'U ~~'U 

" II t JI 

4.1.4.1 tJlfl'4i'mr'H7fltJl~'U'Ul ijfl'UVitJll1~'H1I~ 3,031 1~ 'H7flfl~t~'U 
" .1"'" .. , .1.. ""~,,,,,, ~ l.d"'Jfltltl::: 71.41 tlJ fl'JtG]f'U 9'1 tJnl 'J:::tfl 'Yl'Ufl 'U I'U 'lt1l'lf'U 'iI::: 1'1ftlJ'UtJ l'Yll~~ 1i m 'Juune tu 'U t't/91tJ 1'Yl'H 111 

w lIJ"'" -'I 1 lIJ '''' e lIJ" .. " 1.... lIJ ' .. "J.d" dl ..9l~ 11I'H'JfltHllJl ~tI 1111Inl'J'U1 111111 t'lflJ'J::: tI'If'U I~"l tM tm::: 111 1'If~'U'Yl1l1'Yl1nl'Jtn'l:l91'J G]f~ I'U 

" U9ltl:::iJfl'U '1 'U'lf1l'lf'U ~111titJ'H1iUl'U ln~t~ tI~'ild111ti'U't11U 'U1ti'U1vJtJl'Ylnfli'~'H7fl~ltf)~1vJ1'H~
'" . 

tJl'1fl1Ul'U~ 'iI:::'li1t1ti'U~tJ 1vJ VJnflf~ 
II , II 1 II 

4.1.4.2 tJl '1~fffltl'H7flfl'UViti'Uflflnijfl'UVitJll1~'H1I~ 1,210 1 ~ 'H7flfl~t~'U 
~ • 1 .. '" .. w ~ -'I .. ,"'.., -'I w .. -'I • 1 .1 ~ -'I .d 
1 fltltl::: 28.53 iu fl'J tG]f'U91 tln'l:lW::: 'iI:::tlJ'UlJ 1~tJt't/lt'lf'Ut~tl1ntJlJ lfl'4 'In'l:l lJ llJ'J:::tfl'Yl'U 'iI:::tlJ'UlJl'Yl 

lIJ " ..,.s lIJ~" ".1 1 .. -'I lIJ'" " lIJ" "" ... ... I'lt1l'lf'U 1~91ntl~n'Ut~fltm l"J l'lflJ'J::: tI'If'U'illnlJll~ t'lf'U mnn 11I1Ilff'Jl~1J1'Ut'Jfl'U'H'JflG]ffl1lUG]f1l 

" .s.. " " .. ".., ." .d'" ".d.d ..,.s -'I1J1'Utm:::fl'U"l flltl 1'U'lt1l'lf'U Utl::: 'iI::: 9'1 fl~U 'iI~ mntJflw:::m'J 1Inl'J'H'.,j1J1'U'Yl1l'H'U1'Yltntl1n1Jt'Jfl~lJl 

. " lIJ'" .. "''''''' ""lIJ"" "lIJ" ~ ..... ~ I ~ 11Infl'U 1'Umw'Yl1lnl'J 1'If 111 'iI l'U1'U1Iln"l Utl:::nl'J 'Ul 11I1IltlJ'Ut'lfflt~tl~tlJ'UU 'Htl~m'Hl'J tm:::tlJ'U 

tmri~ff~'U1~'J't/fl~'lt1l'lf'U (m'Jl.:1 31) 
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'I ~,,;'" 'I .'1 IlJ ~ 
lJI11H 31 rm ~'If'YI~'U ~'U!'U~lJl UJ 

.. . 
... cO 

'Vi'U'YI 
'I ~,,;'" 'I }I IlJ ~
 

mr ~ 'If'YI~'U ~ 'U!'U~lJl UJ� 
~ 

HI£JCI~ (%) 

.. . 
... cO.., 

'Vi 'U'YI fl'Uflflfl 1,210 28.53 

3,031 71.47 

'i1lJ 4,240 100 

... 'i v ......., :: v v.r 0� cO'" 

4.1.5 i;'In't!t~ Itl1"lil11"ltlH1i1Wlt1tllQ'lJUl't'iltllJlUN"l ~lflfll'iffl'i1~'YI1"l1i'if.U 1'Y1£J1 

.., cO , ","; 1lJ~'1.l";,:~J'lIJ~'''''''cO
1~£JmlJ'YI'i'Vi£Jlm1i'if.UffllJ1'iflmH~llJl.h~Ul'YI11'U'YI'Vi1J1~ ~ 'U'Vi'U'YICllJ'U1111£JJ:-l'l ~~Ufl 11'U fltl'U• 
(Igneous rocks) M'Umh (metamorphic rocks) !!CI~M'U~~flfl'U (sedimentary rocks) ~'1m'Vi 9 

~. \.<.""'<V'''~'~~'''~ll, 

t 

,~ 

-~,~? 
'~ 
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ii • 
o ... "" 
~1'U1'U'VfW'YI 

1,485 35.02 

2,755 64.97 

4,240 100 

'" il ~, ~.q 0 QI .o:::t,
. 

9J 91 .q ..c:::r.. 

AICl~ ClflllW~ '\JtJ-iJ ':i~lfl'YI'H'UU~Cl~'lf'U~1Jfl111J Cl'lf1tlHflt.l1'\J tJ-iJ'YI1-iJ~ 1'UmemnuCl~ 'YI1-iJ Ifl1J'\J tJ-iJ~ 'U... 

~-iJlfl~ ~ rnrns ~~-iJ Cl'Cl1t1~1'\JtJ-iJ-M'U l~t1mtltl':i ~t1~11Cl m Cl1t1~ tJtliI~ 'U nnunrl'U~'U ArltJijfll':i'oN•. ~ 

tI':i~ lt1'1ftHi~'U' 'U~l'Ufll':iAflll~':i titJ1Jij~Cl~tJfll':il~ityA~tJ l~'\JtJ-iJVl'lf'lfU~~l-iJ~ 1~ 't1-iJ'YI1-iJ~':i -iJUCl~ 
91 I .Q.cd ,,: d. : 91 91 J q QI .1 

'YIl-iJtJtJ1J 'VitJ11 tI':i~lfl'YI'\JtJ-iJ'H 'U 'YI'VitJ 'U'Vi'U 'YI'11J'U 1'H 1t1~'U~-iJ 1J~-iJ'U 
~'" '" il . do 

. 
11)' .a 9Jd.a 0

4.1.5.1 'H'U~~fltJ'UUCl~'H'Ull ':i 'VitJ111J'Vi'U'YI~1'U1'U 1,485 l':i 'H':itJ ':itJtlCl~ 

,: .cd. : 'j/ J ~ ~ ~ ,: d tJJ ~ ~d 0 

35.02 '\JtJ-iJ'Vi'U'YI'11J'U1'H1t1~-iJ 'H'UutI':i (metamorphic rocks) AlJ'U'H'UA'UtJU'\J-iJ 1J~'Uflll'U~1J1~lfl'H'U 

tJfIU'H i tJ-M 'U~~ fltJ'U lrl tJ-M'UtJflU 'HitJ-M'U~~ nnu1~i'tJfl'YI ~'Vi Cl'\JtJ-iJfl111J~'UUCl~ fJW 'H fJ ij~ 'Q; -iJ 1J 1fl 
~ ~ 

~flCl-iJ' tI'~th 1Cl fl tJ-iJtltl':i~fltJtJ~-iJA~1J'\JtJ-iJ-M'UA'H rl1u ~~f:lfl'H CltJ1J~Cl'1JI~ 1~1t1ti'U' 'H ~UCl~f:lfltJ~ 
~ ~ 

~ 

'HitJ't1tJl rl 'U i''U~ U"'1Ifl~fll':i ~fl~~flflCl1m rl'U -M'U 'I1U ~, 'H ~Ai t1fl'h-M'Uuil ':i UCl~ -M'U ~~ nnu 

(sedimentary rocks) -M'U ~ lfl~ ~ 1flmsu1'Urns ~fl~tJ'U' 'U1i':i ':i 1J'lf1~'\J tJ-iJ-M'UU; l'11U~ ~ 1-iJ~ ~ \! fl 
: :<:1 4 GI' ~ dekQl~ • .ad ~ 1QI QI 

rneuCl''U 1 1i1':i'U 1U'\J-iJ 'H ':itJCl1J'Vi~'Vi11J1'Y1tJf:l1Jfl'U 'Uus I1W'H 'U-iJ CJf-iJ1JflllJ'U UtJ-iJ'H ':i tJ'YI':i 1tJ~1 A'lf'U 
~ ~ ~ ~ ~ 

Vl'UU~t11'H itJVl'U..;'tJ-iJ'YI~lCllrl'U i''U''1 lflll -M'U 'YI ':i1t1 1f1Cl'U UCl~~'UA'H Utl11'Hrl1U ~~ijfll':i tJ~~1ti'U 

UU'U IdtJ-iJ ~lflfll':i't1tJf:l1Jti'U li~'U I1Cl1'U 1'U UCl~~ 11J,hw;i1-iJ ~~ij~1t1':i~Cl'1'UA~1 1ilu'YI mu'"1AfI~ fll ':i 

<!I il ~.4 fj/ 9J QI ~ ~ t:) ~ J ,~~ ~ t:) doQ QI 

~fl ~Cl fl ':i ~ Cl'l'UAflll 'H'U 'H ':i tJ~~ fltJ'UA '\J 1~ 1t1fl'UAfl~AlJ 'U'H 'U'I1'U '\J 'U U~'H 'U'lf'UAlJ'U'H 'U'YIA fl~ fll ':i ~'Vi-iJ• 
~ ~ ~ 

ffflfl~tJ'U '~~1t1 ~-iJ ~~ -M'UtI':i~lfl'YIUlrl'U -M'Ulumh.J'U -M'U i''UiJ-iJm~lfl~ ~lflfll':i't1tJf:l1J'\J fl-iJCJf1fl-W'lf 

w ,,~"" ' • .1 "'... <!I "0
CJf1flCl'~1 CJf-iJA':itlfl11 "tJCl'CJfCl 'H':itJ CJf1fl~fl~ltJ':i':i'Vi 

~ • ~ I 

.Q QI...::to I d,4 .c:Io " .4 9J .4 .c:I4.1.5.2 'H'UtJfI'U 'VitJ111J'Vi'U'YI~1'U1'U 2,755 ':i 'H':itJ ':itJtlCl~ 64.97 '\JtJ-iJ'Vi'U'YI 

I : fj/ J ~ ~ QI .c:I ~ ~ .cd ~ d QI .c:9 ~ 
'11J 'U1'H 1t1 ~-iJ CJf -iJ 'H 'UtJfI 'U (igneous rocks) IlJ 'U'H 'U'YIlfl ~ ~ 1nmsW'U~ 1 UCl ~ ~ fl ~ Cl fl'\JtJ-iJ 'H 'U 

4 ~ I ~ 4 d" , 91C),. ~ .::I.d ~ d QIQI 

'H CltJ1JI'HCl1 A1JtJ'H'U 'HCltJ1JI'HCl1I'HCl1'UAflCltJ'U'YI1'\J11J1 flClWJ ren 'H'U tJfI'U'YIlfl~ ~lflfll':i W'U~1UCl~ 

<!I '" , "II!:;)," '91 d .aI oC:il. 

~fl~Clfl'\JtJ-iJ'H'U'HCltJ1JI'HCl1 ~~1lClfltJtl1-iJ'I11~ nerm Intrusive Rocks 'H':itJ Plutonic Rocks 'H'U 
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I"" t'HJfl11 . . 
oIl!!II ~ QI .c:I.c:I ~ QI ~ ..c1b1 rjJ ~ 

Extrusive Rocks 'H'H) Volcanic Rocks 'H'I.H)f1'U'Yltflfl'il1flfll'i'YllJf;)lJ'Ufl~tf11oJ'H'U'Yl~fI'il1flfll'i'i~tlJfI 

I' • ,
"'1 ....1 o1l!!I.c:I .c!l ... 1 tJJ I lIJ rjJ~.c:I.c:I I ~ d 

'Ufl~fJt'U1 rn tlJfllJfll'it'l1fllJlJ'i~ff1'Ufl1tJU'i'il~ ~fI'H'U'Ylt'itJfl11 Pyroclastic Rocks 'H'U'H~fllJm~1'Yl 

tflgfl'U~fldl~fbInn t~rJfl1111'UWUfl'HjflUlJfllJl (magma) trlmtlJfllJltflgfl'U~1fffbInn t~tJfl 
~ ~ 

y • y 

11'U 'H~fllJm~1iH1 m11 (lava) tijfll1'U 'H~fllJm~1m(hijtg'U ~1fl~ 1tJtrl'U11'U flflij (igneous 

Rocks) .. .. 
Q.I _I 4..Q , 0" "4 ~ ~ QI ~ 

4.1.6 i:ln'l:lW::'fIHlJ!'Wl'flr.n'Ut)~'QlI'Ul't'iltlVl'U'H fI'U tlJ'U'Yl'i't'W1m1i'i'i1J'I1111 
, JJ I I 

'I1U fI'HlJ'UtltJ'U liiiff1'Utnm1 'U'U ~flff ~ii~111 lf1tJ 1~Hilll H~litflfl'il1fl~'U 'H j fl1~ 'iJ 1fl1~~'U 't111M 

~ ~m1111ff11J1'if;)~1'i ~~111fldl 'U Inn1~ 111f;)~'UfhtUfI~'Utrl'Uff1'U 'Ufl~l1'UU~~ui~ff~ltJ~1lJ 1U~1 
~ . 

U~~ iifl11trI 'U ff1'U 'H ~ ~~flg'Yl1~1I eu ri1~'U fl~ 1'LJ ~1'U;;l~'Uf.I~ ~'U 'I1UfI'Ufl~111Q~'U tl1tUfl ~'U ii 

fl'Yli~~ fldHlJlfl~fl'l1Ufltm~r:1fl1oJW~'U fl~~'U m eu1'Ufll'i ~'t111Mtflfli\\l'U1fll'i 'U fl~ r:1fl10J W~ ~ 1~'" 

~'LJ'i1fl{jfl~1'U~'U t'lf'U iY~'U td'fl~'U im~ff~l~ f1111.ltrl'Umfl-~h~ 'i1lJ()~fll':itnfltrJ'U-i'U~1~'" i'U 
til rjJ ~ ~ QI I .c:r ~ ~.c:i 1.c9 I ~. ~ • ...1QI 

~ 'U'H'U 111f1f1 'U 9f~ ~fl1oJ W~ t'H~ 1'UtlJ'Uff~ nueuflflf;)~ m UJttllfl1l1~'U fl~ fI'U UlI~ ~"lf'U fIUlI~~ lJ 'i ~ Ul'Yl 

U~~ mu l'i f;) t;1fllJ itJ~f111lJ fflJi'U,r1 'LJ ()~ 'I1UfI'U fl ~ 111Q~'U tl1tUfI fl'i~ u 1'U rru U~ ~ H~ 'U fl~ 
• • y 

ff~U1f1~mJliiifl'Yli~~ ifltJlIH~flm~lJ1'Ufll'iff~H~1'Ufl~~'U W lJ~t1wir'U mfit'lf'U iY'Ufl~~'Uii 
• • y 

f111lJfflJi'U,rtilJ'LJ~lJlW fl'U'Yl~ tJ111Q 1'U~'UU~~f111lJtiltJmtM~'Ufl~~'U i fltJ';11 'LJ~'U liiiiYmhfl1'i 
• • y 

'il~iifl'U 'Yl~ tJ111QlJ 1flfl11~'U iY'il1~ iYt'Yl1li'LJ'i 1fl{jflgl'UWUl~fI~'U~~lJflfl()~ ffrme li~'Uii-u1'\i~ 'Hj f.I 

fl1'i~lJ ~fliY'LJ'i ~ 1 'U ~'U 'il::~~lJflfl()~ fffll~~~'U iifll'i tiltJflffr:1lJUM~ 

~'U ~'t11 fl'U'U fl~ ii1'U ~'U ~~U~ b~ u tr1'U mr 't111 i 'HlJ'UtltJ'U U~ 1 ~ii fl1 'i 'LJ i'ur'LJ ~ tJ'U 

lJ1trl'U1if:lll':il'UiI ~.f1. 2536 iifll'il~'LJ'i~ltJ'I1u~~'Ul'Ufll'ib~1~'LJ'Jfli1'111ii1'lfHfl'l1UfI~l~'" 'il1fl 

nu tYl'i 1 'il ~'U 'U fl~ m lJi\\l'U 1~ ~ 'U 't11fll'i ffl'i 1'il~'Ut~fl ~ 1U'U fl~ 'U 'Hj eu~~ mjlJ~'U ~ H.., t~ fltrI 'U 

U'U 1'Yl1~ 1urns1 ~'LJ'i~ itJ'lfU~~'U 1~fldHf;)fl~fl~1I1lJfflJ'i'if;)'U~'Ufl~~'U ~lJ 11 ~'U~..f~'HlJfI'Ufl~ 
~ 

9J rJJJet. I ~ Q,I,! 
'J1lJ"lf'U1Jl'U1I'UH~lJfltllJ'J1f1f1'UfI~'U (1I1'iH 33 tm~fIl~ 10) 

, JJ I JJ ." 

-llliYlfl~l1~).2Cii~'Uli~1'U1'U 683 1i'Hl~~~~~~!§J1_'il1fli1'Uli';~'HlJfI4,420 
• JJ, JJ ,,, , 

1i fl~lJ'J1f1~'Uli 48C ii~'Uli~1'U1'U 72 1i 'Hjfl~fltJ~~ 1.70 'Ufl~~'Uli';~'HlJfI fl~lJ'J1f1~'Uli 59B 
JJ , JJ ,'" I JJ. 

(59) iii1'Uli~1'U1'U 6571i 'HjflrfltJ~~ 15.47 'Ufl~i1'Uli';~'HlJfI fl~lJ'J1f1~'Uli 62 iii1'Uli~1'U1'U 
y • y 

"l'4rJJ 4dQl2,658 rs 'H'ifl'ifltJ~~ 62.68 'Ufl~~'U'Yl'Yl~'HlJfI 
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.. .... '" VfW'VI 
mllJ~~~'U 

'JI
l~ H)m'l~ (%) 

, 
"" mJlJ~~~'U'VI'" 48C 72 1.70 

fl~lJ~~~'U-n 59B (59) 497 11.71 

, "" '" 
fl'JlJ~~~'U'VI 480 171 4.03 

. 
I "" '" 

fl'JlJ~~~'U'VI 29C 683 16.11 

fl~lJ~~~'U-n 59B (59) 160 3.76 

, "" '" 
fl'JlJ~~~'U'VI 62 2,658 62.68 

'jllJ 4,240 100 

~ Q.I Q G1 4'" q ''''I 0 ~ ~ ~ '" ,

4.1.7 fll~'lf~t'lH'ft~'naU.l'Ut'l~~'1HU'ftU'nta'IJ'IH..rn.l~UN~ ~lflmn.:j 34 'rI'lJll 

w ~ IJ/ Q.I <C:l iii ~ ~!V IJ/ ~ 1 0 ''''' ms~~'l1'Ul'IlllJ~'U u'I-.:l fl1'j'l1:::~1-.:l'rl-.:l'VI~ lfJ'l.nN~'U ~ 'U'rI'U 'VI 'HlfJ~'U H-.:l ~fJfl1'j ~111'U fl~llJfl'JlJ~~~'U 

I' I it it 
.c:s .c1 I Clo Q,I..:::s.e:t. .c:s QI.c:s Q,I Q,I 9J Q,I 

'VI 1- 61 ~llJllH'U'VIfl'JlJ~~~'U'l.H)-.:lmlJ'rIWJ'Ul'V1~'U lJ~-.:l'U 'j~~'IJ'lf'Ul'IlllJ~'UIlHfl1'j'lf:::~l-.:l'rl-.:l'VI~lfJ 

'U~N~'U'j:::~'IJ05'U~ 1 (lj'-eJfJlJlfl) ~l'Ul'U~'U~ 320 l~ ~-.:li1~mlfl1'jfff.lHfffJ~'U0 - 21Pi'UlPitJl~lPitJtJ 
'II "� 

iI , it iI it I� 

t 'U~'U-n~mlw:::ij hJ~l~~'U ~tJ-.:li1lJ1~'jfl1'j tJ'4~mr~'Ull~~'U l~~'UYi!ffll ~'rI'jldl~'U -nril'U t 'HtY!~'U 
, iI , Sol , iI ,iI 

-n'jl'IJ 'j~~'IJi''U-n 2 ('WtJfJ) ~l'Ul'U~'U-n 346 l~ i1~mlfl1'j~qj!fffJ~'U 2 - 5 1Pi'UlPitJl~lPitJtJ ~'U-nij 

m'j~~:::i1 mst,*~~'U tJV1-.:l'j ~ 21~'j :::1-.:l l~fJflWtl~fl~'l1~llJll'U l'j :::~'IJ 'H ~ tJ'U ll-.:ll'llllJ ~ 1~!'VI 1l~:::i1 
'II 

1 I iI 1 

ms1H''I.J1J~ -.:l111~ -.:l~ 'U ~ ~tJfl1'j t ~tI 'I::: lfJ'l1,r'VI1-.:l~1'U rm ~flll~ 'I'l~tJU1-.:ltr-.:ltj'U 'I~~'IJi''U-n 3 (tll'U 
'J/ I II' I tI 

fl~l-.:l) ~l'Ul'U~'U-n 12l~ ij~"'jlfl1'j~qj~fffJ~'U 5 -151Pi'UlPitJ'~lPitJtJ ~'U-n~flllW:::ij~:::ijH~.yhtM 

l'I lllJ ~~ lJfflJ\! 'jW'U tJ-.:l~'U ~~ ~ -.:l ll~::: H~ H~~ ~1 ;-.:ll'l l'j ijlJ1~'Imsil tJ-.:l n'Ufll'j'l1::: "'1-.:l oW-.:l 'VI mfJ'U tJ-.:l~'U 
" ,

't1-.:l11i~'l1!!~~1~fl.fl.!:aQ.!~:l!i!l.Wl'IlllJ~~lJfflJ\!'jW'UtJ-.:l~~U'l~f:l~lli.u~tJ~~~tJ~'tI 
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ffl'I1~'UflU'l1~,hrw,n/nnfJ'IJ'EJ.:J~'U~ijtl11ml1~~'tnJ1flfll1 35 ltl'EJ{I~'U1Pi' ~llJ 

~1~1.:J 34 i~llfi ~~~'Ui'U~ H2 (U'EJfJ) ~1'U1'Uvf'U~ 3,161 ii ijtl~~lf)1~'Q;t1!liYfJ~'U2 - 519i'U~'EJii 
j1 I jI I 

~'EJ1J lw~~~~'Ui'Ufi H4 (~'UllH) ~1'U1'UVl'Ufi 402 i~~llJ~l~'U ijtl~~lf)1~'Q;t1!liYfJ~'U 15 - 20 19i'U 

~'EJi~~'EJ1J (mlJ'WWJ'Ul~~'U, 2543) ll~~'illflm~ 11 'il~IM'Ui~11vf'U~19i111'tl'Ut'Uf)1~I~'U19i1mh.:J 
., . . 

~'U 'il~mn 'U~ lU 'l1'11.:J'IJ 'EJ.:J~ ~~'Uf)1~ 'l1~"'l.:J'W.:J'tl~lfJ'IJ'EJ.:J~'U~ ~~ 'Ui'Ufi 2H ~'EJ~ ~'U'Uf)1~ t ~fi~'U.. 
I I I j1 I 

~~'U'Ufi lll~~~~'U'Ufi 2 ff1'U~~'U'Ufi 3 'il~'EJrjt'U~~~'Uf)1~'l1~"'l.:J'W.:J'tl~lfJ'IJ'EJ.:J~'U~~~'Ui'Ufi 2 ~llJ.. 
m~ll 

1V.I l' G";"'"I oct dI if OJ ~''1 !II4.1.8 ms 'ti1J~~ 'rJ'ti'l-!'fI~"'H'l-!t)~Wlll'l-!tl.:i 1l1l'lJ'l-! 'illflf)1HTfl'l:l1~'U11f)1~ 1'l1 

..d... !II !II,J.k 'I cl dOli)' cl cl '1!11': d!ll cl
tl~~ 1fJ'l1'U'tl~'U'IJ'EJ.:J'l1lJ'l1'U'Ul'U~'U~.:J C)f.:J 1'U'EJ~~liJ'Uf)1~'tlll~'l1lJ'UnfJ'U urns 1'l1~'U'tlfl11.:Jll~~lJ 

., 
~ 'EJ'Ut 'U f)1~.yh i ~'l1~'U11fJ'Ul9i.:Jll~ 7 - 10 1J 1~fJtl~fl.,yl1 i ~ 1l~~'l11'IJ'EJ.:Jih i 1ffl'l1~'Uf)1~ 'Untltl 

4dd, 'v yy, 9J.: I \1)91 9J 0

tl~~lJ1W 60 iJ'tl ~1'UlJ1 'l1111'IJ11~llJ.:J (lJ.:J'Ul'UiJlfl~1fJ ~lJ'U l11lJff'EJfJ) 1~'EJ~ fJ~1 uunmms lfl'l:l~~• 
1~'EJf)1~tl ~ fl~'U i~~1.:J'l111tl f)11fl'EJ~tlJ'EJ t 'U'l1lJ'l1'Ul~'Ull H.:Jl'U 'Yll 'l,",'l111tl f)1lfl'EJ~tlJ'EJ i~li fJ'U~ rns 

III CJ q u cu 

.,; • !II II) !II 0"; !II .: d'l I !II ,J 1 ':!-I II)!II"; .1
tl~fl~'U'illfll~llJ.:J U~~ 1~'Ul~'Ul'IJlmtl~fli'U~'U'YlI'U'l1~'Ul'UlJ1fl'IJ'U ~fJf)1~tl~flH'U 1~I~lJu~fl 

~ d ~ .cd ~ .ci w d ~ ':.d \1) ...1 !II
~llJ~'U'tlmI1Wm'IJ11 ~~fJ~l1~l'Yltl~fl~'Utl~~lJ1W 30 - 40 iJ 1l~~fJ'IlJf)1~'4fll'Ufl~'U'Yl'Ullu~1fJ 

ijf)1~tl~fl.,yl1 'li ll~~Vl'l1'l1ij ~ g'U"1 ij~fl'l:lW~ f)1~tl~flVl'l1'W'U i'l1ij~~l.:J"1 tl~flll'tl~ m ~'l1 11.:J.,yl1i i 
I d.c!l ='t" .a QJ rI <Q' d'='t lJ]Y

1'l1'U f.1fl'tl'EJ.:J 11~.:Jfl11 ~fll'IJfJ1 .:Jl11~~I~'EJflllJ'U~'U f)1~tl~fl~'l1~'U"l'l1'U~~l.:J"1 'UllJ'Uf)1~tl~flI1 . ., 
lVl'EJ ffl'l1 ~'U 'Untl tl t'U tl ~11~ 'EJ'Ull ~ ~ flfl'Ul.:J ff1'Ut ~l~ 'U 'EJ 1'l11~ t '"'ff~ 11~ fJ.:J I'Ji'U ~fl'tl 'EJ.:J ~fll ~ fJ1 

~ !II 0 '" cl ~ • 1 II) !II 0 "' ... ,. ... !II cl 0 d
llJ'U~'U ffl'l1'j 'U'l1 'EJlJ 11~.:J 'EJ~~llJ'U nn u~fl'l1'EJlJll~.:J I1ffl'l1~'U'U'j Itltll'EJ.:J 'l1~ 'EJ tlllJ'ill'U 1'UlJ1flfl'il~ 

I !II ... I ~ '1!11'" ..,j !II ... ...d!ll 'I I dll)!II ./
II'U.:J 'IJ lfJ'UN'l1 ~ 'Ell I'U.:Ju 'U 1'l1 nuI~'EJ'U'U l'U'l1~ 'EJt1!1~~ 'U 'EJ.:J 1'U 'ltlJ'l1'U ~ 'EJ urn '~'l1 ~~ U~ fl 'l1 'EJlJ 11~.:J 

'Ul'U'l1mfJ1J 

'I ~I !II"; ~ .k II) !IIcl 'I ~I ruu ~,ff.2528 - 2532 'l111'Ul'Ul~lJtl~fltl111~.:JC)f.:J'lJlfJ l~~ ll~~ l'UU ~.ff. 2532.. 
lfl'l:lmfl'jl~lJtl~flfl~'l1~ltl~ lrt'EJ1J ~,ff. 2539 l~lJtl~fl'l1'EJlJU~.:J'il'UO.:J1J'il'il,j'Ull~~i~tl~'Ultl~fJ'U.. .. 

, ., ~ 

rns t.ufi~'Ui'Uf)1'jl~1~tl~flVl'l1lJ11~'Ui~tll1~I9i.:Jll~1J ~.ff.2536 1~'U~'UlJ1.. 
tI I I I 

" Q,I .a d ... 1 .a .a.c:i d 0 ... I.a Y 
~ ru ms 'il~ rrn ~'U'tll~l~u~ fl~'l1 llJ 'EJtl.:Jfl~'tl 'il emrm I~ 1~ U~ fl~'l1 'l111'Ul'U 'il~ 

IV °1 IV IV 
I "'~t~""~,~""I_a....~ I tI ~,,""'.~.l<iif'l:"""7'~~~'fOi 

GI ".t::\.c::l ... I.c::t "l oI!!t .a Q,I I d.a d ... 1 .c:i d 
I'l111i unruU~ fJ'U IIH.:Jru 1'U 'ltlJ'l1'U 'l1~ 'EJ'ltlJ'l1'U 'EJ'U "1 ~.:Jll~f)1~ l~ ~ fJlJ~'U n ms U~ fl eutl.:J rrn inu 

1 I I j1 

lfifJ1~~~i1~ llH.:Jl'U 1~fJm~fJt'U1fJllH'Il'Ufi'Ylli1lJfi'Ui'Utl~11~'EJ'U~~ 2 - 4 tl'U 11.:J'l11fJ'l1W.:J t'U . ., u 

doddAdd CJJ Q,I r.cS QI 

m W'YllJl.:J'U 'Yl'U lJ1fl~ 'EJ fl'il~lJ f)1~ 'ill.:JU~.:J .:Jl'U 'tlfl'IJ'U~ 'EJ'Ul'l1'Ul~ fJ1fl'U 

!II !II d1 ~ '" 'I .1'" !II'illflflnff'EJ'UtlllJl'ill'l1'Ul'tl m.:JflWI1~1.:J W U'il~'U'U 1'Uf)1~u~fl~'l1'IJ'EJ.:J'l111'Ul'U 

~'Ul1 l~lJi'UlJ1tl~ flVl'l1~fl'l1ij~~N"1 t ,",fi'Uff'U6'WWJ'U11tlH f)1~ 'l1~1'1'IJ'Ulltl~ t 'U~ tlll'U'U'IJ 'EJ.:JflrllJ 
III 'V q III q 

fflJl;fl ff'l1m w~tl~flVl'l1~fl ~.:J'il~ffllJ1~tl'Yllf)1~tl~flVl'l1~fl'l1ij~~ N"1 ~t1'U6"1 "J'U IItl~ ff.:JlffilJ t '"' 
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U'J fl 'lun'HU ~tflll \PI 'j ns'j 1ut~~ l~ih~'U VH)'I1~tlil \l ~fJ 'l'U~ rufll'H~ ~ \PI tGJi'U ~ fJtfl~ ffn ill~~ 
'" ... ?! v '" 'I 'j) "'t 'j) 'I " I d 'j)", 0' • I 1" 1'1 'j) I 1'j)
fi'\PI'jVi"lf l'U'U\PI'U 'Vl\l~ ~"lft'U'U\PI'U'Vl'U ~'Ufl1'jtVi1~u'flflflff11J1'jtlflfJ1J\llflfi''UfJ'1 uuuue u ~"lffltl'U ~ 

" q" qJ" q� 

~ Cl d d.ell d d I Ci1 fjJ rI ... 1 ld Q.I�Cll Cll 

t1Jtltl,H1'fl1lfl'IJ lfl fJ1~'fl ~'fl\PIt flll \PI 'j m fl \l~t run ~'fl ~'fl\PI ff ~ ~ 'I1fi''U fJ'1 'IJ'UUu ~ 1J fll 'jfl~ tm ~ ~'fl ~'fl\PI.. . 
'lJtl~lflll\PI snsu~ 'fl~'j 1fJ l~tlVl1fll'j'IJ'j 'j\l ~'fl~~\PIri ~'lJ1fJri\PI 'fll~~tl1 U. .. 

1II 

il \l ~,J'U ~ ff~ ri1'U 'lufln tVi 1~ u'J flYl"lf'IJ tl~TI 1'U~'U ~ ~ \l1 fl ~ 1'U1'Ufl i'1t~ nu 116 

fli'1t~tl'U l~fJu,j~t~'U 3 flri1J fitl flri1J~ 1 ~fll'j~~\PIYl"lft~mj~~Vi ~~\PIYl"lftMn'IJ lm~fll'j'l1'fl1~ 

ll'fl~ ~~\PI t M\PI'fl1~flff'j~~~1'U 1'U 41 fli'11~tl'U flri1J~ 2 ~fll'j ~~\PIt~mj~~ViU'fl~ ~~\PIYl'lft M\PI'fl1~• 
flff'j~~~1'U1'U 54 fli'1t~tl'U t'Uri1'U~m~tl~fl 21 fli'11~tl'U \l~I~'U~ff~tllfJ1~ffl1Jntl~\l~Vl1.. .. . 

1II I 

rns lflllm 1~ U~ \l~u,j~il'UYl'UVitM'flfl'l1'fl1'UVl1fll'j lflll\PI'j~tl1 U.. 
'" w .1'" '" 'I 'j) '" 0' .1

\llfl ms fftl'IJm1Jlflll\PI'j m IflfJ1fl'IJfll'ju'JflVi"lf~ fl ~ '11 fl'IJtT'U fJ'1 '\I'UUu~ lflllmm 

'lMl'11~ ~'fl11~\PI'fl1~'jtl~i''IJ1l'fl~fll'jU'j~n'U 'j1f11~'fl ~~\PI~!l'I.l'U eu U'fl~ fll'j'IJ'Uri ~~'fl~~\PI tfl~ 1~'U 
'Ci1!J1I9J d Q.c!tQ.ldd r:I ... 1' CllGJ'j}'Q1'j)

fln'fl~fl1 ~"If\llfJ~l'Ufln'IJ'Uff~~'fl~'fl\PI ~1J1fl l'Utl~\llfl"lf'U~Vi"lf~fl'Vl1JtT'UfJ'1'lJ'Uuu~ff~lff'j1J~ '11 
1II • 

lflll\PI'jnnl'Jfl,:r'U~ 'j1f11~ Yl"lf~flViu'J fl l~un ~flfll~ 'I111'U '11~ tlff~~ fltlff ~flfll~'I1tl1JMtl ~flfll~ 

0' ~ "I'" "I w 'I <:>I "i '" "'t 'j) • 'I 'j) '" 1'j)", I 'j) I 'I 
'I1N'I1~ll fl~'I1'fllU'fl~U'l11 ~\l 'IJ'jtlfl ~fl'flI'U'U\PI'U 'V1l ~mflll\PI'jmm1fJ ~'Vlfltl'U'lJ1~U'U'Utl'U ~'Ufll'j 

'JJ JI I 'JJ 
... 14Q1Q1 ld GJ"a.c1 ... 1 a 11Q 'QI fjJ
U'JflVi"lf~fl'flflllW~'Ulflll\PI'jm\l~ ~'lfVi'U'VllVi1~U'JflVi"lffl'U'fl~ uinu 2 - 3 ~l'U\PItlflH lVi'j1~\PItl~fll'j 

'j) 'I '" ... '" 'I 'j) '" 'j) 'I 'j)l'U'U ~ 'Ul'jtl~'lJtl~~WfllVi'IJtl~~'fl~'fl\PIIVitll'l1\P1Hfl'IJ'IJ'U1~ fl111J\PItl~fln U'fl~ m~'IJ 1'Urm ~ 'U~1'U ms 

Q.I a.d, 'j) .... 1 d 

\l~fll'jVi'lf'Vlfl nu'lJ1~u 'j:W \PI 

add QCi1 ~ d 'j) d 
11J tn fl inn fJ1~ 'fl ~ 'fl \PI ~ 'U fl 'j ~ II'j fl'IJtl~ 'j tl'IJU '111J~ U'fl1lflll m fl 'j fl \l~ mu ts tl U'J fl 

JI I JI JI I JI 

... '" 'I '" I 1. 1 "I ,''' Ii) 'j) '" <;;', "i '" ... '" "I'" '" 
Vi"lf~fl ~ 'U fl H\PItl uU 'fl ~ u 'fl fl\PI m 'U tl~ ~ ~ \PI 'fltl~'Vl ~ u ~~ fJ'flflll W~ 'IJ tl~Vi'U 'Vl IVi 1~ u 'fl flVi"lfU 'IJ'IJ'U \l~ .. .. 

Q.I : .... 1 .d r 0 fjJ 'j),l 0 QI ld I ~ d a a 
tllfi'fJ'j~ 'IJ'IJ'U l"lf'flU 'j ~'Vl1'U 'Vl\PI tl \llfl 'fll '111 fJ\PI 'U~~ U'fl ~ ff1'l1 'j'IJlflll \PI 'j fl 'j tlflfl 'fl1J '11 'U~ fl \l~ U'fl flVi 'lflVi tl. .. 
tJ1lu'lJ1mtl~'I1~tlU'JflYl"lfU'IJ'lJflff'j~ lGJi'U fl~'I1J1U~ ~flfll~'lJ11U~ U'fl~'I1tl1JU~~ t~'U~'U t'Ufll'j 

... 1 a QI ~ I 'j) ld .d 'j) Q ='t' ~ ..c:l 

u'J flVi"lf'flflll W~'Ulflll\PI'j fl 'jfl tl'U'lJ1~1Jfl111JtfffJ~ t 'U~1'U 'j1f11'IJtl~ ~'fl ~'fl\PII'U'U tlfJ1~1J 1fl G)f~tll\l \l~ 1J 

"i '" "I .1 I d dI

ff1m~\llflfll'j'j~'I.J1~'lJtl~ ~'jflU'fl~U1J'fl~\PIWl fffllVitllfllfi''VlUu'ju'j1'U 1"lf'U Vi1Q'Jfll'l1'IJ tllfllfi'W'U 

~fl11U fl9i t~'U ~'U ~'fl ~~\PI1~i''IJfl111J tfffJ'I11fJ tl'fl~ t'U 'I.J1 ~fl f~ l~ tl~ fll'j U'fl flYl"lf~fltl1\l \l~'lJ1fJ 1~.. 
'j1f11~ tll\l \l~fl ri111~11 ~'fl ~~\PI~tltlfl1J1ri\PI'fl1~ t 'Uu~mw,r tlfJ1~!'nfJ~Vitl ~~Vl1 t M'j 1f11'IJtl~.. 

... '" 'I' :: dI?! dI"'. 'j) ... '" ...
~'fl ~'fl\PI1J'j1f11~~ ~ 'U'lf1~ t1'fl1'U'U G)f~ l'U'Um'J ~'fl'l1'U ~'Vl'Vl'1 t mflllm m l'fltlfl'Vl \l~U 'JflVi'lf'IJ1W tl~ t 'U 

\PI'fl1~ 1~fJ..t11 Ufll 'j ~~\PIU'fl~ fll'j~U'flYl'lf1~fitlfJ~fl111J~~ fJ1flU'fl~ 41fJfl11fll'jU 'JflYl"lf~flri~ t MUn 

0' "I '" "I'" '" ''I 'j) I 0' :: 0' '" 'j) 'j) '" 'j)
tT'UfJ'1 'lJ'UUU~ l'Utl~\llflfll'ju'JflVi"lf~flff~ l'I1UfltT'UfJ'1 'IJ'UUU~'U'U 'Vl1~tT'UfJ'1 \l~1Jt\l1'l1'U1'Vlt'l1 

t>llU~flll1U 'U~tJ 1t 'U~1'U fll'j ~~\PIYl"lf~~U'fl~t M~'fl~~\PI~flWfllVi ~~U~fll'j 1\PI~ fJ1J~'U \l'U~~ fll 'jl~'IJ• 
I 1II I 

InfJ1 'j11JVi'~fll'j t~ff1'jlfl~'Vl1~fll'jlflll\PI'j"lfU~~1~"l mh~lfli ~fli'~ tYltlt M~'fl~~\PI~flWfllViU'fl~~• 
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;I , 
"l d 

'V'l'U'Yl
.1 'I !lid",
lJ 'j ~ If!'Yl ms ~ 'l1'Yl~'U 

!lI 283 6.68'Ul'tl11 

183 4.33 

1,153 27.20 

>I 

3 0.08ihVl'U~ 

ih~:IJ\!'jw 2,548 60.10 

!lI !lI J 
1.Jl 'U 11 'U rt~ 33 0.79 

31 0.73 

I d :munutnnas U'V'l~ 4 0.10 

'j1:IJ 4,240 100 

, >I • 

'Illflfll'jH'tJ'j~ lt1'l1lHi~'U lIl'jl~ 35 'V'l'Ull ~'U'Vl'tltJ'UI'tlllt'Ufl1l:IJi''UH~'1l'fl'U'tItJ~ 
)/ II J/ • J/, J/,

9.1 3J.c:9G1.do 111101 4!1 4!I.c1o.Q \l]jl1oE!Id ct.c1 

1.Jl'UlI'Urt~'Yl~'H:IJ~ :IJ'Ill'U1'U 4,240 l'j "lfl'l:lW~fll'jt)tJmtJ~'V'l'U'Yl'Yllfl'U l~llfl 'V'l'U'Yl'Ulll"l~'V'l'U'Yl 
>I • • 

~fl'U ~'U'Vlm~tlt'Ufll'jiltJmtJ~lltJfli'11~tJ'UtJ'j~:IJlW 5 -10 i~ 'Illflfll'jlltJ'Ull'U'Um:IJ~tJ'U'V'l'Ull ii 

rnr '~~~'Ut'U rns 1'V'l1~tJ~fl~'l1i~U1l18 - 20 TI~'U 'hl ff1'U' 'Hqji~:lJl'lllflfll'jff'U'YltJ~:IJ'j~fl'lllfl 

'U':i':i'V'l '4 ~ 'l:llt"l~ iliii 1tJ fl~l'j ff'Yli, 'U ~~'U.yhfi'U 111l ~~l:lJl'jt)' ~tJ 'j~ lt1'l111~~ 'U 'tItJ~ m:IJ~! fl'l:lll 'j m ii 

i 1m tJ'Ufl'j tJ~ ll"l~..r l:IJii msu m f1l~:IJ 1~:IJ!~ tJ~ 'Illfl'Yll~'H 111t1~1'U~ l~ tl1;;tJ~ i ~t1fl t1'U1 'tIlIll~ 'U. . 
J/ I J/ I J/ I 

~'U'Vlih i~n'U~'U'Vlvhfi'U lIl:IJ~ 'U'Vl 'Il~ ~1l"l~m:IJ1~ ~:lJlIl:IJ~f1l'V'l1JijtJ'j~l'YlrY (~lir ml'U'UIuinuu"l~ 

llrt'U, 2545) 

Oll)!lI'iJ o'!lI !lIJdo 1IJ'''l 
'Illflm'jl~ 35 'Il~m'U 1~1l l~:IJ\!'jW'tItJ~1.Jl'Ull'Urt~ :IJ'Ill'U1'U 2,548 ~n1':itJ 

""I tid tI ':.d '~dO "I. 4!1 tid tI ':..dGl I ..d 
60.10 IlJtJWll'UlI'tItJ~'V'l'U'Ylll"l~iJln'UvJ:IJ'Ill'U1'U 3 l'j 'H'jtJ 0.08ItJtJWll'U1I'tItJ~'V'l'U'Yl 1'U~1'U'YltJtI

I 

~ ~ 

., !lI!lI J do IIJ I "l 0' 0 0' "f d "f d 0' d
mrYtI'tItJ~1.Jl'UlI'Urt~ :IJ'Ill'U1'U 33 1'j'H'jtJ 0.79 ItJtJ'jIC)j'UlI'tItJ~'V'l'U'Ylll"l~'V'l'U'Yl'tltJ~rY'UtI<i]'tI'UlltJ~ :IJ 

~ . 
o \1]1 4!1 tid tI ,: did: do \l]1.a
'Ill'U1'U 31 ~'j 'H'jtJ 0.73 ItJtJ'jIC)j'UlI'tItJ~'V'l'U'Yl ll"l~tJl~!fl'U'UlfltJ~ll'V'l~ :IJ'Ill'U1'U 4 l'j 'H'jtJ 0.10 

... 1 tid tI ~.d 0 Q,I':.d I: fj/ tjJ J lIIfJ1 1':.d v .:so \1)1
IlJtJ'jIC)j'UlI'tItJ~'V'l'U'Yl ~1'H'j'U'V'l'U'Yllf1'l:l1l'j'tlfl~"l:IJ'Ul'H1t1l1'Urt~ l~!!fl 'V'l'U'Yl'Ul'tl11 :IJ'Ill'U1'U 283 is•� 

"l .10'00' "fd"fd "l1lJ1 do 11)' "l 0'00'� 
'H'jtJ 6.68 IlJtJ'jIC)j'UlI'tItJ~'V'l'U'Yl 'V'l'U'YltJ~fl'V'l'll' l'jrt~:IJ :IJ'Ill'U1'U 183 ~'j 'H'jtJ 4.33 ItJtJ'jIC)j'UlI'tItJ~ 

J/ I J/ I I J/ ,
.a.c:1 .a Q ... I 0 .... I.:! .a QI .cl 0 \I]'.a _I tI d tI .a d. 

'V'l'U'Ylll"l~'V'l'U'YllJ~flfl~'HmlJ"l+'V'l'll'rtflrt~:IJ:IJ'Ill'U1'U 1,153 l'j 'I'!':itJ 27.20 IlJtJ'jIC)j'UlI'tItJ~'V'l'U'Yl 
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'J/ I I SI 

lfltll~Ull'Vl'\l~'1~'\.J Vl'\.J l~ll \l~ijr:rf1flW~!~'\.JVl'\.Jl.,r'\.J,j'\.J 'fl~~m1J~~'111'lH'\J1t111'\l'\.Jl'\.J' tlm1Jr:1l 

~ ~.l.l "l.1 ""~ .0.1 <!t "l' 
'Hltlll'\.J~H'\I'\.J ~lJU"~1J'Vl'\.J'VIlJ~f1'Vl'lf~'j~ff1J 

'J/ I 'J/, 'J/ 

\llf1m'j 1'1 36 r:rf1flW~'\I~'1~'\.JVl\l~!~'\.J~'\.JVlfl~'\.J lfltlmfftl'l.h~'\.J i '\.Jf1l'H'Vll~tl~f1 
'J/ , 'J/ I 'J/ 

~'If'~~ff1J ij~'\.JVl~l'\.Jl'\.J 907.41 ,~ fifl!~'\.J 61.08 !tl~{!c'i'\.J~\llf1~'\.JVl't1'1'H1Jfl~l'\.Jl'\.J 1,485.67 

"l 1 "l ~ I ~ "l I ~ '1 i "" Q i ~~ di <!t w •
~'j ~flUf1 '\Ill rs sm t'Vlfl U"~'H~1JUfl'l U"~ '\.J'U1'1iJf1m'\l'\l~ 'If'Vl'\.J'VI '\.Jf11'j!'Vll~tl~f1'Vl'lf~f1 !'If'\.J 

~ ..::1 Q.I .::s ?t Y .a lIJ' Q.I i iJ c:r c(d Q ~ =" 
f1~'H"ltl" ~f1f11fl'\l11tl" !lJ'\.JlI'\.J U'VI'\.Jf11'jtl~f1'Vl'lf ~'j "f1flW~f11'j 'lftl'j~ ttl'lf'\.J'VIfl'\.JUIJIJ'\.J!lJ'\.J 

'J/ I 'J/ 'J/ I 

...1 .... 1 a Q .a .::I Q.I 0 ... 1 'JJ ~ .c::14!1 do 
'j lJUIJIJ f11'jlJ" f1'Vl 'If'YI1J'\.J!1 tI'\.J U" ~'Vl '\.J 'VI !f1fl11 'j mfftl'j ~ IJIJ '\.J 1'If" lJ 'j ~'VI1 '\.J! '\I ltN 1J'Vl '\.J 'VI '\l1'\.J 1'\.J 
.. .. q 

"I 'Q ::'t 0' d tI ~ d Q.I ,: d ~ ~It ~ ... IQ
236.97 ~ 'j 'fI fl!lJ'\.J 15.95 !ile 'j !C)f'\.J 1I'\1~'1'Vl'\.J 'VI "f1fl W~'Vl'\.J 'VI UIJIJ '\.J!lJ'\.J rns il ~f1f1~ 'H mlJ"U" ~ 

<!t '" ~ d""", ::It ~ .0 ... '1 i~ .1 '1 '" :. ~ ~.l
'Vl 'If~f1 ~ ff 1J ff fI1 'Vl 'Vl '\.J 'VI1J" f1 fl W~!u '\.J 'Vl'\.J 'VI m fl!'If'I!'\J1 tfl tI 'lff11 'j lJ 'j ~ !u'If'\.J '\l1 f1 '\.J 1m 'H 1 tI11 '\.J ~'1 

!~'\.J r:rf1flW~~lt1n'\.J J1UIJIJ~lmvlmf'\.Jr:1l,rltli ,rih~~IJ~ff'l~'\.J1J1f1lfltl i ~1~ f11'j~~vi~Jl i '\.J.. 
, ", I 'J/ 

Q.I.c:l ,.a.c:l .a Q.I 0 v , .... 1 ... I.a 0 i fj} ... 1 a Q.I lIJ" 
'j ~ flIJ 'VI ff'l n11 'Vl '\.J'VI!f1 fl m !'Vl ~ ~'\.J '\.J 1!'\I1ff UlJ" 'I!'Vll ~ lJ" f1'Vl 'If 'V11 'YI mu1HI! 'Vll ~ lJ" f1'Vl 'lf~ n t fl 

~ ~ ~ ~ 

'J/ ", v 
11 "~fl't1'1il U~ ~~'1 iHJ~'YIl i '\.J f11 'j '\IlflH'fI"'\.J U~ i '\.J 'lil'lq~Uft'l !i1 ~'1 '\llf1!f1flm f1'j'\) ~~~vi~u 1 

'1 • ~ ~.l "l ''''' 1 w Q: i I .0 '" Q : "l ~ ~i' ~ "l v 
!fltlll'j'l'\l1f1"1'Y11tlll'\.J~'1 !1J1JIJ~f1f1tf1IJ'\.Jl'\1'\.Jlfl mY'Vl~'VI'\l~ffl1J1'jtlf1f1tf1IJ'\.Jl n t'lf '\.J'lfl'lq~H"'1!fl 

n\l~,j'\.J i$\ij'YI'l1 ltl'll'\.J '\I~'1 ns1J~\PJl'\.J 1~ ~'\.J fi~ ij'\.J 6tl il,j~'W\PJl'\.J 1~~ '\.J 1'f1 'j 'If11 'j 

'H"1'l!~'\.J ~~1!'U'\.J '11'\.J i '\.Jf11'j ti~ff~ 1'I'U~tim~IJJ1't1'\.J lfl 60 "IJ.1J. ffl1Jl'jtlm~\llt1\fl!~lrii'\.J~'\.J~.. ..� 
v v 

Htl"'1!'Vll~tl~f1~'If'$\tl'j~1J1W 30 'i~m..i~tim~IJUl 1 ile lfltl'$\~l!iJ'\.Jf11'jti~ff~l'1'l1~tim~IJUl 

!rl~il 'Vl.ff.2550 U"~ 2551 iie !vlm~'\.J!vi1Jfff1t1m'Vli'\.Jf11'ji~tl'j~~l'\.Jl'\.J 3 lt1'lfU~~'\.Ji'\.Jf11'j 
.1 <!t iiJ Cll c:r tI i' ~ d tj/:fj} .a

!'Vll~lJ~f1'Vl'lf 'YI !f1fltl'j ~ W'If'\.J tr '1"Ifl U"~ '\.J ffl'\.J'\I~'1'Vl'\.J 'VI'\.J 1'\111'\l1f1f11'j i 'If'\.J l\llm~IJ1J!'H 1J~'1~1t1 
'J/ , 'J/ I

.::loa ea e c:. ='t .... 1 tid tI .a.::l 
1J'Vl'\.J'VI\l1'\.J1'\.J 341.29 'fIfl!lJ'\.J 22.97 !lJm!C)f'\.JlI'\I~'1'Vl'\.J'VI(1I1'jl'1 36) 
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if'\.lItlfllJUl 
• '.l 

•c:::::J ~VUL~ ~ l\1J J, V1 \J 1'l ' J J4 ~ ,~ ~~";\n ,,~ , v 1ft"J...,, 
J . •

/\/ Yll ~J, • 1 ~""" "~ ').I"U1\J. \ '\1flI1'i\JYw.Oilfl ., El "lt'l't1 t! 1t1i' tJ, ;.Y11\J 
• ~fl ~;"I~• uown J, U 1'\11') 
If ~~ 't"\fl 

;I , 
~ d 

YfW'Vl 

". " 
~1.j'Yienftvih~'W 907.41 61.08 

", " 
~'W.yjenftV1J l 'lH'1t1 ~ :i: 'Vl 1'W 236.97 15.95 

~ " d , 'j/ 

'Vi'W'Vl'W 1'IJ11 341.29 22.97 

~1:lJ 1,485.67 100 
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.. 
... .., SI SI.:!l 

4.2 'lJ1'lJ"rn'Ur~tUJ'UtH1.JlUVlUN~ 

?I ." ".1 .. . " ".1~ ." ....... "� fl1l1Hu 'U1Il't1tJ.:j'l1\j'U1'U91'U H.:j ~~1I'I1\j'U1'U91'U H.:j~ U'U'I1\j'U1'U ~~eJ1fl'lJ'I1\!'U1'U'\I'U 

.a 4C:S Q,I CIa ~ J 111 91 0 .9 Q,I ~ 191 1 '9J d 
u tJ~ ~ 'U tJ.:j 1l1fl1lf11'WleJfI'i tJ'lJm1U'C'l~1I 1l1'U1'UtJ'i~'ll'lfl'HVHJ'tI'U 1l.:j ~ ~'VI1~ 'i tJ.:j 'tItJ11 ~91.:j'l111'U1 'U '1111 , ~ 

~tJihtfltJ (~-Jlf11'iihlfltJlltJ1I'VItJ.:j) U'C'l~1~~Wfl'l1,j,j'1'U1l1fl'l1,j~ 12 ~~'UmJ~ 17 !rltJil VU1'.2546 
~ ~ ~ 

il 'i ~19lf'llff91{ms i.:j ~'U!" l'U 1J11l1fl~~~eJ1ti'lJ'I1~,j'1'U '\I'U Uile fin !~11 ur nunsru 'itJVW~~,r 1111~ 
" ./ . ~ ..... .." 
'U1'U'\I'UUU~ll~U'lJ.:j~U'U 2 fl"J1I ~.:j'U 

4.2.1 fl~1I~ 1 !~'Ufl~1I'tIm'UleJ UtJ~!~ ~.:jtJ~eJ~1Il1l1fl~.:j'l11~U,j~tJ.:jfftJ'U fflm~~ 

tJ~eJ~1Il fitJ 'U lWm~! ~~vh~~l1'i~ ~~t1HWJ'U ti'i'i1l'tltJ.:j'll''U ~~1 fitJ 1 tJ!ieJ.:jH'tItJ.:j'll1l'll''U~1eJff911ff 
, 4 4 1tI l.ci .;. t rjJ 0 Q,I e(dlCS.c:I 

'tIl1 l'll''U fI11WHtJfl'l1'i tJ ~ fl'tll1 t)f.:j91111f11111l'lftJ'tItJ.:j'lf'UlHltJf11lfltJ~\\JtJll~'I1111'U1ff91 1 'VI 11 ff'tll1111 

,: .d 4 ~d .;. , Q,I tI J 9J ~1tI I Q,I 1 ....".t:::ll

~M.:j H'I1 'i nil 'i~ fltJ'lJ~ tim 'i11 1~ 'i 1~ ~ 'll'tJ11ff91 111 'i ~ ~f1'V1'U l1l1VI un 'lJfl'U 'U f11'i11 'i~fl tJ'lJ~ tim 'i1Il1l1 
I , " " 

Vi 1l~ 'C'l.:j 1'VI1:Iti'lJ ~Vivh~~ l'lf'U ij vh1'I1''U leJUtJ~~ ~~ih~fl'l1 'C'l1'U tJtJfl11 lfl'l1 ~,j'l'U'\I'U IIil ~ Utl'11J1 ntJl9l.:j 

« v 1 • <!I ,"'' .1 1 ~ .... , ""111 ' .. .: •<!I
'I1\j'lJl'U '1111 fltJ 'I1\j'lJl'U91WH 'UUll~'lJ'U ff1'Um~fJ'C'l'tltJ.:j'UlmltJ~lll ~1I1Il'lftJffleJff'lJ'VItJ~91tJ 

4 ...... 111.1 " 
l'UtJ.:j1l1f1lffeJ'lf191 ~u'I111~1l'C'l1 

4.2.2 fl~1I~ 2 l~'Ufl~1I'tItJ.:j'U1WritJ'll'tJ 1~~leJ1Il1l1flih~f1tJll,j ~l~1I ~.:j'l11~~;eJ.:j 1'11,j 

di1 .... " • .,l1ll'~ 'i".... .1" '.1t)f.:j 'UtJ~91ll~lJH'Ul'V1 ~1IlU'U'VIHf11'i911lJ lflHff'iH1WJ'Uti'i'i1l u'i~l~tU'tItJ.:j'lf'U~Hl f11'iuflmtJ.:j 
~ . ". 

'tItJ.:j'il'll'fll'i iJ.:j 1,j't11~.:j ~.:j 1 ~1~fll'itJflmtJ.:jti'U ltJ.:jntJ'U 1l'C'l~ 1~~~tJfll9l.:j~'I.11 1'Uf!1eJ'I1~.:jll'C'l~~Vi 

1IJ"~ "1 ." 1 ........" <!I� •
~~~U'Urj 'I1\\J'U1'U 'Uff1leJ'U'U ne 'UleJl'C'ltJ'lftJ 

". "'i 1 0'.w1l1flf11 'i euu rn11 rj'U 1'lllJ'lf'Ull'C'l~ rjtl1 IIff 'U 'Il1l 'll''Ull'C'l ~ f11 'i ff.:j lfl91 f11 'i tU ~'lJ 11 

" ".1 .......... .,l.. ..... '1' 1 "" .1 <!I'Il1l'lf'U 'lJ1'U9l'U H.:j1l1f1'lf191'VI ~ 'i eJ'lJ.:j1eJ'i fl ff.:j'lJ mu 'I1\\JfI 'U 'U 'Il1l 'll''U 'U1 'U 91 'U H.:j 1l~ 'Uw 'lJfI tJf'lltru lVj'VIti 
" . 

'lftJ.:j-J H'VI H'll''U.g''U Villff~.:j) l'U~'VIH If'l'i1:l!"flll1'U fli'1!~ tJ'U 1,jijfl1l11 ~~91fl~ Hti'U 11 lflUfl 1~m~h'U 
, " 

1muutl'11l~~~'Ulfl~tJ0J19iti'U ~.:jiju~flrilJVil~'UfI'Uun U,j'l1,j'leJ ~tJ'I1,j' 1eJ fI'U flri1lij 1,jijuH.:j l'U~tJ 
u u q q 

cs': d d iI 1 1" 0 tv 1 J ,. 1"d Q,I

U'C'l ~ 'lJH fI'U 11 ~'U 'VI ~~ eJ.:j l'C'l nutJeJ fI'U 'U 'lj1l'll''U ltJ.:j '11 fl1llJ ff lf1\\Jfl'lJfI'U fl "J 11 'U 1J1fl t~ eJf11 'i '11 f11 'i 

ffU'lJff'4'U')heJm~tJti'Ulvh~ ll~')heJti'U 1~ ~'lf'U 1~eJf11'iff1l'VI'lJm'l1l'i U'C'l~';1eJ~1l'C'l 1 'U eJ111l~'lJiheJ 
.;. d d lq 9/QI c::. , GI a rI I d • 1" .... 

l1ltJ1I'tI tJ.:j'VI ~~ 'i'lJ'lJ'i 111 fl1l1fl'l1 'U 1eJ.:j1'U 'tItJ.:j 'i) '11 'i tJf!1fI~ tJfl'll''U 1l'C'l ~ tJ.:j flm 91 H '1 flll~ Ullfl1l1eJ 'I1fl'lJ 

9J' I dd. .t:::ll 1 'jJ 9J J "l Id J Go' d 

rj"!.:j m ~fltJ'U ~ff1l tJ U91fl'U 'VI 11 ) 1'U ~mflll 'U llH'1 'U 'lJl'U 91 'U fN 11 ~ ~ 1111 'U tJfl1l1fl'U'Il1l'lf'UeJ.:j 1If11'i 

'i1'lJ'i111~.:j'tl tJ.:j ,rl1ffl'i ll'C'l~g'U'1 ~'Il1l'lf'UijtJd1 tJ'lf1eJl'l1 ~tJ'Il1l'll''U g'U'1 'I1~tJ ~.:j'l11~ g'U'1 ~ 1~i''lJ 

<!I" 'i • .... .. " ".1'i ';'111.1 111"1
fI1111~~tJ~'itJ'U1J1 t~eJ91'C'ltJ~!'lf'Ufl'U fff!1~lf'l'i1:l!"flll'tltJ.:j'll1l'lf'U'U1'U91'UH.:j t~eJ'VI1 ~ u 'i leJ ~~ 'U'Il1l'll''U 

ri1'U1'I1qj1l 11l1flflWt11fll'i lf11:191'iijf11 'iHil91Vl'lflv1tJ'tIleJ1'I1'ti'lJ91'C'l1~~1 'tJ'I1~tJ91'C'll~Vff'i~ ll'C'l~Vfl 
. di .. 4. 1" .... 'i .1

ff1'U'I1'U.:j1l~H'C'l91~~tJff .:j'tlleJ 'I1fl'lJ lflHf11'i'l1'C'l1.:j'tl'Ullu~• 
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". "QI 4l!IdlQl 

'If'U 'U tl ~ VfU 'Yll'Yl1 'U 'U 
Iii, II iI iI I 

.c:S QI 4.c:S.c:S QI 0 ... 1 4 .c:S ~ 
4.3.3 'I~'lJ'lJ'Yl 3 ~n'l:ltu~'Utl~'Vl'U'Yl'I~'lJ'lJ'U'iI~mtYtJ'I~'lJ'lJ'Ul'lf~lJ'I~'Yl1'U 'Vl'U'YlllJ'U 

d 4::::ll d 4 QI ~ d d QI QI ~ Q ~ GI 9J~ ,J
'Yl~l~I'lf~I'Ull1f11'I1J~n'VlGlj'li'm~~tl~'Yl~i11I'I~~'lJfl1111~1~'ll''U 12 - 35 11JtlWlf'U~ f11'I t'lf'Vl'U'Yl 

.1....1 .. '.1 .1 ~.I Q"',.lr ~ 
l'Vll ~lJ~ n'Vl'lf'I ~'lJ'lJ'U1 n'l:l~ 'Im 'iI~ 1If11'I IIueuu ~~ I'Vll~ lJ ~ ruu 'U uu ~ ~ 'U'U l~m f1l1 'In tJtltJ Clf uuu f11 'I 

'I !II.. ", 'I .1 .. ... w '" .. 'I .l .. .lr ~.l.... 
t 'll''Yl ~ 'U t 'U ~ lJ II'lJ'lJn U '111J 'U l1 tJ'U 'Vl 'U 'Yl 11 f11 'I1J~ n'Vl 'll'Hn'l1 ~ 1tJ'lf'U ~ 'I1lJ 'Ul1tJ'U t'U'Vl'U 'Yl Clf ~ IlJ'Un U 

fl1~nU'Utl~ln'l:l~'I n'Iil t 'U 'lf1~nm t~fl1'I 'iI~1J~n~'ll'~n'lfij~ t~ ~~'iIdh lfll~ i~tJffl111Hl 
OJ 

iI iI , II 
• 1 ... 11) !II '" I '='1 'I ..... .. .. I 'I '!II .. 'I !II 0 '" 

l'Vll~lJ~n'Vl'lf ~~ 2 - 3 flH~tllJ ~'Uf11'II~'ItJlI'Vl'U'Yl'Utl~'I~'lJ'lJ'Uff1'U ~'I1\yU~1'i1~1If11'I ~'lfffl'If11'i1~ 

'" ..... I 'I .1 .,j "'... !II !II 'I !II '" 11) !II. I "'.1 0' .1 I '" 

1'lf'Vl'lf~~'Vl'U ~'UlllJ~~ 11ltl1'lf'Vl'lfll'l1~1l~1'i1~~'lf'iltl'lJ'IJ~~'U~lnnlJ'I~1I1tu 1 - 2 fflJ~l'11 'U'Utl~n'lJ 

'" ... ".1 '1.1 Q '1!11 11) 11) !II 0 11) .. .,j
'If'U~'Vl'lf'YllJ~n ~'U'lJl~UlJ~~lf1'1:l~'Imn'il~ ~'lf'Iti ~t1 ~t1~111U~1'YllnU ttll~'ItJlI l'Vltlfl1111ff~~1n 

Q iii d ~ d QI

'I1~1'I1 ~ 'Uf11'II~'I tJlI'Vl'U'Yllm~1J 'I~'I1tJ~ll H~l'U 



72 

4.3.4 ':i~'IJ'IJ~ 4 ~tl~tu~lf'\..l~l1~t'Hij~'\..Ifi\lfi'IJfll':ii~~~h.,':i~'IJ'IJ~ 3 U~ijfl111l 

Ul91tl~ 1~ i '\..I ~1'\..1 fll ':i i -Nlf'\..l ~t'vn~tJ ~tlVi'll hWijfll':i i -Nlf'\..l ~fll ':i rvn eil~ tlVi'llHm~lllf'\..l ~ tJ~ tlVi'lf 1~ 
191~~~~~il ij mstJ~ tlVi'll'H 1,j'\..lt1tJ'\..I i 'Ulf'U~ i'U ':i euumsi -N~~'\..IU 'IJ'IJif11 ~ 1lJij fll':ilitl~'\..It~ tJ ~~ 

'H~~ 111m~'IJl~tJ1r:·m~iil91~~tl111tlUtJ~~~11~~lfll':i ll91~ euutJ~~lYn~tJ~tlVi'll~~ 1il ff11l1':i t1tJ~tlVi'lf 
'JJ 'JJ 1!1I I 

1~ 2 - 3 fli' ~~~ill~tJri1'Ui'HtYVi'Ull~tl~tu~ijl1~tn'\..lm':itJ~tlVi'lltVimY~iMti'IJ lm~fll':i'H~1~'l.j'\..lUtJ~ 
.. 

Q V V ~ 

4.4 1~1J1Jm·nn'V1mflm1mlJVl1'Utl'l'U1UVlUN.:.I 

Q'" iI i1..K d 1iI , "" ... d 
':i~'IJ'lJfll':i~~I91~'If'U~~'IJ1'UI91'\..1~~ 11 2 ':i~'IJ'IJ snn ':i~'IJ'lJfll':i~~I91U'IJ'lJtJ~'If~ U~~ 

.e::t. Q Q d'dcw-l seuurnr~~I91U 'IJ 'IJl'lf~~ 1tu'lItJ 1l~~'\..1 

" " 4.4.1 ':i ~ 'IJ 'IJ fll ':i ~ iil91 U'IJ'IJ iJ~~~ t~'U ':i ~'IJ 'IJfll ':i ~ iil91'1i'U Vi'U 11 'U 'U~~ '!I1l'll'\..l,j'1'U ~'\..I 
J .dd Q 1fJJ';' Q,- QI 4 ~ Q.c::l.QQ .d~ 1 Ja Go'

~~'Vlllfll':i ~~191 1t~ ~'IJ ':i !.flfl.flltJi'\..I m1t':i~'U U~~t U'U 1t1'1f1191'Vl'C1 'IJ'Vl~~ 111tl'IJ':i':iWIH~I91~t'\..l~~tl'\..l 

1l1'H~ltJoi1m~fl'\..l ~~fll':i~iiI91U'IJ'lJiJ~~~ 1~Uti tl1':i~1'\..11~1 oU'111i U~~fll':itJ~tlVi'lfHtli'\..lutJ~~ 

ltl~ I91':i tn '\..I tll':i il ~ tlVi'llU'IJ 'IJ ~ffll ~ff1'\..1 ~ij fl1111 'H ~ 1tl'H~ 1tJ'U ~~li '\..I {Vi'If eruns t1tJ~tlVi'lf'lfij ~ 
I 1iI i i1d "" ... d 1v , i" ~ ~ dI ...I91H'l ~ 19111l':i~'IJ'lJf11':i 'lI'Vl~'U~~'Vl ~tl~11 'U'U~ 4.3 t'lf'\..l Htl'Vl~~ UI91~tl11 Yif1t'UtJ1 ~1 t~~tl 

""i '" ""?t " -Ji d d"'d ~I I dl "ld 1i1 o 
'1111 !~~ 'U1Trh~ U~~~':itl tlJ'\..II91'\..1 t)f~ 'Utl~l91i'U~fl'VltJ~llfll':itJ~tlH'Utl~11~1l~tlfll~'\..I'Vl':i1'IJ ~'\..I1 

ff'\..lti'11l1U~mtJ~tJ'\..Iti'IJ~'U t'lf'\..l ~tJf1':iW'fll':ilf1~I91':i 1~uti 11~'IJ ij~ m'H1':iu'l1'~ 1~uti tJ~lU'l1'~ ilrn 
I II. Sf I 

l~ll U~~~'\..I'l ':i11lli~lfl~tl~tJ~~~1~'ll'lf'U lf1~tlln'\..l~'\..I ti~'\..Iil ~.fY. 2500 i'\..lffiJtJ'Ir'\..lfll':itJ~tl1J'\..I 

... 1 ''''' .,j " "'''?t ... d 1".1 i ~I ?t .,: "" 
tJ~ 1l~~tlQ'H1l1tJU~~llltll1~1l~~ffq~I911i'U':iI91'\..1 tlJ'U'\..I1tJf1':i11l'U191':i ~u':i~fllfY 'HH'\..IlU'Uff~~~ 

tlQ'H1l1tJ u~~iJ~ ijfll':i ~tl ~~'IJtJ ~tl~'\..I tl~1l1tltl11tlWv'h1i 'H1,j 'Ul1tJ'\..I 

4.4.2 seuums ~iiI91U'IJ'IJl:J1~~lru'lf6ml~ 111tl~~'\..I6li~'\..I11m ~fll':i'H ~1~'l.j'\..lUtJ~ 

1'j1 1 ~4 .c::l iJdi.",. QQI d'4 I !II "Q4
~tl~l91~tll e ~. fY .2526 uneunu 'U t'II1M'H1l'lJ1'\..1 l~ tJll1191t1tJ':i ~ ff~fll~~'lf1m'H ~tl'll11'1J1'\..1 i m~tl 

'II • 

• I ~I "" 0 l' d "i i " iI I " I "i 1i1d
u~tlH'\..Iu~~~~mtlfll':i'V11 ':i'H1,j'UldtJ'\..I !~tJfll':i~'lJ':ill 'Hfl111l~Utl'll11'IJ1'U 191~1l1 !flHfll':i'H~1~ ~1l 

fll':iri~tff~llU'\..I~tJ1fll':itJ~tlVi'lltij~~'H'U11 Vi'lfHmfY':i~1nl1l'lf'\..l Htlfll~'H11'\..1'H~tlfft1~fl~ff Htlfll~ 

'Hl~'H~ff Htlfll~'H~lll1tl Htlfll~'U11tJ~ tl~'H~ltJ~~tJ'I11il1 U~~'HtlllU~~ 11!~tltl 1~tJ':i~~'IJ'IJ1~ 
!11 • " I 

'lfij~ u~~ff1,j'\..l1~':i '\..I~tl111tlUiJ~ijfll':itJ~tl11!~~ l'lf'U 1l~lJ1~ 'U~'U uenene ff1~ {J1tJ ~~'IJ ii'U~ 

<IJ ~<IJ l~~'Vl~U numnl ~tl~'\..IU~~~~fllnl11i'H1,j'\..ll1tJ'U U~~ijtll':i ~~fll ':i~~'\..Ivlln'\..l~ tJU'IJ'IJ i 'HlJ 
, "," I !11 , 

111tlf1':illli~'U 111~'U l~tJtJi''IJVi'\..lvh~'\..I.;r'U,j'\..l 1~ tVi~ i Mtn'UVi'\..lllvllfll':i lf1~I91':iU'IJ'lJm1':i mr ~~Vi1 



73 

'I iI '" " '" 'i .1 'i ''1.1'' 'i .ok d'tml ~'I1n'I.JI:l"Utl'Vl~'Ul~m.:jfil'i'l1"l.:j~'UlllJ~ ~~W~~fl~ ~'U~lJff1J1'lfn'\lfl.:j~f1Hfil'i'l1"l.:j CJ1.:j~~1J 

1l~'U ms ~i1~~'lf~.:jtlu" ~ii ~"1f1'i fl.:ji''I.J~ II-U'U fl'U ll"~ ~,,~i1 \PI ~n 'I.J1.:j ffl'U lfi'l:l m m ~ ~ ~lJ -I1tJ'\Il tI 

i1 ~ iii g}Q,I , i1.c:l. QI 41!!1" ,. 

!fl.:j 'I.J1.:j '11 'i fl'\llt1 ~ '11 n'I.J'Vl flfl TYI1J1'i'I.JCJ1fl ~ fIt1\P1H 

.. " 
OJ " .::. 4 " ".:I ~ ~I d Q,I d4.5 if1H)t1~Tlf~~'I.J'lJfll~Nafl'Vt"'I.JlUflUN.:j&u·n)'l.JlJ 1JfI.:j'U 

" " . 
4.5.1 ~n'l:lW~ll 'I1ci.:jlJl1ums !'Vll~tJ~nll"~f1111J"1f1og'U'\Ifl.:j~'UVi ~ln\PI1'i1.:j 37 

QI iJ~ d 4E!I 1: iJ 9J:K 'QI 4E!I ~ dd QI: ",I ~ 
"n'l:lW~fil'i 1 'll''Vl'U 'YH'Vll~tJ~n'Vl'll''\I fl.:j~1J'Ul'111t1\P1'U ~.:j~~fl~ 2 "n'l:lW~f1fl 'Vl'U'Yl'Ylfllfftl'U1F'i'U nru 

QI tq9J I d .d I A.d QI I I : "I" I .d 
'I1"n ~f1un 'i~'I.J'I.J'Yl Hm~'i~'I.J'I.J'Yl 2 l'Uffl'U'\Ifl.:j'Vl'U'Ylmfftl'i~'I.J'I.J'Ylflff.:j'Ul ~f1un 'i~'I.J'I.J'Yl 3 u,,~ 

I ", • , 

'i~'I.J'l.JVi 4 l'Uffl'U'\Ifl.:jfll11J"1f1og'U'\Ifl.:jVj'UVi&'Vl1~tJ~n 'i~'I.J'l.JVi 1, 3 une 4 iifll11Jmflog'U 12 ­

35% ll~l'Uffl'U'\Ifl.:j'i~'I.J'I.J~2 iiml1J"1f1si'U1J1nn11 35 % 

v " • 
f11~H 37 ~n'l:lW~tmci.:jlJl1'Ufil'i!'Vll~tJ~nVj'll'!m~ml1Jmflsi'U'\Ifl.:j~'UVi 

. §I 
d 

'i~'I.J'I.J'Yl 1 mfftllJl~'Ui'Ufil'i!'Vll~tJ~n f1111J"1f1og'U 12 - 35 % 1,2 

" mfftllJ1H'Ui'Ufil'i!'Vll~tJ~n f1111J"1f1si'U1J1nn11 35 % 1,1 

. " 'i~'I.J'l.JVi 3 mfftl'i~'I.J'I.J'Y1flff.:jlJlml1J"lf1si'U 12 - 35 % 2,2� 

"� mfftJ'i~'I.J'I.J'Y1flff.:jlJlf1111J"1f1og'U 12 - 35 % 2,2 
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II , , !Ii 
"91"1.. ~I "".1 w , ~I
l'Il"VfU'Yl 18 lJU~:::m1lJtll'Ufll'jlJ~f1 1-2 flH"ijlJ 2,4 

iI I I II' 

',*Vl'Ufi 18iJu~:::m1lJ~''Ufll'jlJ~f11-2 flf~~ijiJ 2,4 
iI , , II' 

"91"1.. ~I "".1 w , ~I
l'lfVi'U'Yl 18 lJU~:::fl'J1lJtll'Ufll'jlJ~f1 2-3 flH"ijlJ 2,2 

iI I I iI 
"91"1.. ~I "".1 .... , ~I
l'Il"Vi'U'Yl 18 lJu~:::m1lJtll'Ufll'jlJ~f1 3-4 flH"ijlJ 2,3.. 

4.5.3 1~f1Utl1~~1''lfVl'lffiij'U1''~rJlJulJ~~lVn:::lJ~f1Vl'lf 39 vnJ'h~lf1"UH 
.c::s .c::s':' d GI .a d': d J Q,IClod I 

1f1l:J m mlJ fll 'j t" 'j rJ lJ'Vi 'U 'Yll'Ufll 'j t'Vi 1::: il~ f1'Vi 'If'l1 ~ 1rJ'J 1i fll 'j 1" 'j rJ lJ 'Vi 'U'Yl 'II'Uij rJ f11J 'j:::rJ::: n ~ 1U~:::.. .. 
m1lJff:::~'Jf1'IJij~tnl:Jmm U~ ~:::'j1rJ ~lf1fll'j"ij1JU1J1Jffij1JtIllJ'Vi1J ';h ff'J'U' '11 q}tnl:J"'j m'!l'U~'U 
J .c:::s GI <jI Q,I .a.c:::s .a GI jld.Q ,.. GI <jI I ~ Clod .d0 Q,I I

J:.l~lJfll'j 1'lfff1'j fll ~~ 'J'lf'Vi'lf~~'Vi'UUlJ~~1'Vi1:::lJt1f1'Vi'l1'VJ m:::1J1Jrns 1'l1'Yl~ 'U 1~rJ I'll l'I19J J:.l~ 'J11lJ'U 'J1i'Yl 

r Q d,x,d GI' ~ 4G1 .c:::s Gl9I.cu:s
~lrJU~::: ff:::~'Jm 'J~ 1'jd ms1" 'j rJlJ'Vi'U'Yl1'Vi1:::lJ~f11 'UU"~:::flH'I1 'j ij l'U1J1~ f1H1Hf1l:Jmm~::: 1'l1'J1i..� 

" UH'JtIl~1''lfVl'lfijijm1~'J1J:.l1' 'UulJ~~ u~i~i1' 'U,f'J~q~~'U ~:::vh 1~1 ~ 1f1l:J"'jm ~~'I111ffl:J'I1 tY1~W'l 

1 lJvht~'U f1ij~~rJ'I1)jnu'Yl'U f1U tJ:.l1 1~ij'l11 1 lJ'~' 'Uf1ulJf1JlJ~ ~~'U' 'Ufli~~ ij"l 1 il ~~m ~ti'U 
til ,..c::i Q.c:::i GI.c:::s.d.c:::s ... I.a Q,I I ,Jt Q.c:::i 

.. 
Q,I 

'j:::1J1Jf1U 1'lf'Yl~'U'j:::1J1J'Yl 1 une 2 l'Uf1HU'YllJfll'jlJ~f1'Vi'l1J:.lf1ijm~"ijt'Uij~ 'I1~~~lmf11JtnrJ'J 

iI " , 

ff1'11 f 1JVl'Ufi1'Vi1:::lJ ~f1Vl'lffirlij'U,r1~iim1lJ~ l~tmCh tnl:J"srn~:::, ,*'j tI 1m~'U "llJ.. 
"J .. ':";-k ~ .,... .,; Q w "J9I "J9I' .,;
lm"'jrJlJ'Vi'U'YlIl)f~llJ'U'J1i'Ylff:::~'Jm'j'Jn~tt~:::lJ'j:::'I1rJ~UH~l'U 1~'JJ1f1 l~Uf1 'j:::1J1J'Yl 1, 3 U~::: 4 
, , " 

tVlij',flffl:J1l)f1f1Vl'l1tiijrJff~lrJl~'Ufll'jtVilJ~'U'Yl~rJ1'''Q',fufi~'U ~1f1,:r'U"1f1~'U1 1ijti1~,j'ijrJlJ'j:::lJ1W 
.....1 ""I , ~ J , w .,. "I"; "I 91 91"; 91 91 "J " 

1 fflJ ~ 1'11 '11 'j ij 'JJ1 nn'J1'U 'U 'II'Uij ~f11J'l1'U ~'Vi'l1'YllJ ~f1 '11 'j ijij1~'IJ ij~" 'Un~ 1'Yl'Vi 'j ijlJ ~::: mrJ ltl il t1f11 'U 

" .
uilne ~1f1,:r'Utnl:Jmm'oN~'U1~ h1lJ~ 1VlijlJf1Jffm'Vifl'J1lJ1~'Um~'IJij~~'U ''U'fl'''j1fll'j'~ 0 ­

.... , "i' ,,91 .;, .1 ~ J "I 91 
100 mlJ"ij"1'j1~llJ"'j 1~rJ'I1'J1'U l'11'Yl'JUlJ~~lJ~f1 ~lf1'U'U'IJ'UUlJ~~lJ~f1'Vi'l1 'IJ'U1~'IJij~UlJ~~f1'J1~.. .. 
... 1 .a J Q.ad ,l.c::iilIQ,I Q,I 

lJ'j:::lJ1W 2 - 3 tlJ"'j'l1'j ij'IJ'U1~'IJij~ulJ~~m~'IJ'Uij~f11J'lf'U~'Vi'lf'YllJ~f1U~:::fl'J1lJ~l~'l1'U'lJij~'Vi'U'Yl til 
" ..

Q,I 'j/ 91 .... 1 'j/ l.a.c:::s .c:::s.::l ,..Q,I 

fl 'J1lJ ~1~'lf'U 'UijrJ'IJ'U l~fl 'J1lJ f1'J1~'IJ nsulJ~~~::: f1'JHf1'J1'Vi'U 'Yl'Yl lJfl 'J1lJ ~ 1~'lf'U ff ~ 1f1l:Jmns 1~rJ.. 
, " '" 91.,... J .1 .1 "I .: d .,j _~.... 91

ff'J'U I'llillu 1'If'J1inU 'II'UUlJ ~ ~ lJ ~ .. f1'Vi'l1'IJ 'J1~" llJ U'U'Jfl 'JllJ ~ 1~ 1'Yl'IJ n~ 'Vi 'U'Yl 1'Vi ij u ij ~ n'Ufll 'j 'l1::: ~ 1~ 
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d 111911 d '1fJ} 0 CV w 4 '1"d~
'il1n9l1'H:J 39 'il~1'I1'W 1~11lJf11'j 'll'ff1'jf11'il~1'll'''''lnJm~'U'Uf11'j 'll''Vl~'Wm'l~ 

~fl'W ~1~ '1 ~'1 'W tJ~ lJ1WlJ1n9l1lJ9I1'j 1~ 42 ~~~H'lm ~'Vl'U~ fl~ ~ii;rJIJI ~fllfffl '1 'W 'U~ nwif'W ~tn'l:l9l'j 
4 d lid. w d '1 !tIci.c:::a , I Jt ~ 

1'W fl~ 'ill nlJ ff~ eu 'tI fl~ ff1 'I 1fllJ lJ1n il 'I ~ ne 'U nu 1n'l:l91 'I n 'I lJf11 'j 'll''Vl ~ 'W fl f1H 91 m'W fl~ 111 'W 'j ~ f1~ 

o '1" "" '" ..... 1 'i .. '" 0 " ~ "" '" ..'" '1
nm'W1'W9I1lJ9I1'j1~ 38 m 'I1'il~'W'Vl'jfl'VllJ'j~ ~f1'll''WlJ'il1'W1'W'Wflfl~~ 9f~'il~'W'Vl'jfllJ'U'Vl'U1'Vl 'Wf11'j 

~flflff~lmff'l:l9f1n~'W'Vl~ 6~1~C'J '111'fl~'1 'W,tJ~~'ll't11 1tJ'1~tJ'j~ lf1'll''W1~ 

.. 
'j~'U'U'Vl 1 

.. 
'j~'U'U'Vl 3 

.. 
'j~'U'U'Vl 4 3 

4.5.4 f11 rili''UtJ~ ~~'W rieurm l"'l~tJ t1n~'ll' 'illnrm ffn'l:llf11rili''UtJ~ ~~'W nfl'W 

... I 4 Q,/' .c:a I iJ fj) J ~ ... I.e:! ... I.e:! w 0'I Q,/' 

m'j1"'1~lJt1n"''ll'~n'll''W~911~C'J 'tIfl~1f1'1:1mm'U1'W9I'W~~ 1'll''W n~'I1~llJ~ ~nm~'tI11lJ~ ~nm~m~'I1~'I:I 

Hnf11~'I111'W'I1~flff5~flflff Hnf11~'I1fllJlifl 11~~'I1fllJU~~ 1~'W~'W ..,'U'i1 iif11'j'1~~f1f1fln (1J~1n 

U~~1J~-j1) flm1ff1'Wf11'j'1~ 300 - 400 fi1~ni'lJ~fl 1i fifl 'j~'U'U~ 1, 2 U~~ 4 ri1'W'j~'U'U~ 3 iif11'j 

'1,*~f1f1fln (1J~ 1nU~~1J~-j1) fl9l'j1ff1'Wf11'j '1'*200 - 300 tn~ni'lJ~fl 1 i 911lJ9I1'j1~ 40l~f1i1if11'j 

.1 "'I "'I , '1,,';".1 "'I'" '1"""" ..,j '1"" "'I'1ff
,
m.., 1~ '11 ~ lJlJ t1 n.., 'll''I1 'I fl'l1 11 'W '11 'Vl 1 11lJ ~ ~ 1'I1:lJfl 'W n 'W l'J n 'I ~ 'U 'U f11 'I 'lI''Vl ~ 'W 1..,fl '1191 'W'" 'll' 

"" "" 'i d "" "" .1 '" '.ott '" t '1 ".;+1 '" 1'il 'I tyl91 'U ~ 911 'j 1 ~ 'W u fI 1 llJ n'W ClIfllJ rn 'tI 'W U~ ~ u 'j 1fI1 \l nn 1 1 ~ fIlfllJ 11 ~ ~ 'U H fI H 'il ~ 'lI' ~ mnu 

, w .;+1 'i '1"" ~ t '1 "'''.ott "'''' d ... '1".;+1s nmu ~f1f1fln ~~f1 'll''jfl~n'W'I1~lJ111'W'U1~flH 'Wmw'Vl ~mfllJlJ'j1f11'fJ~ 1n'l:l9l'jmn'il~'I1'WlJ1 'll' ~f1 

II • 

fI flm.y;f1~ fl ~H 1~ fI111 ~~ 'il ~ '1 ff~ fIlfl ii'1 'W fI i'~ Vi 2' U'Vl 'W 1.., 'j 1~ ff1 'W '1'11 ~'115 ~ 'ill ntJ t1 n~ 'lI'Hn1 ~ 

.1 ... .1 ~.I '" '1'.;+1 t.. .9 ~'t ' "" "" 'i "'I ...
lJ'j~lJ1W 15 1'W'tI'W ru tn'l:l9l'jm'il~:lJf11'j ff ~f1f1H'Vl 2 1..,mll'Wf11'j1Hf11'jl'il'jtyl91'U ~91't1fl~"''ll'~n 

'1 "d.1 .9 '" " ".9 '" t '1 ,,""'" " '1 ~ " mn'tl'W 1'Wfl~'il1nn1'j191'jfllJ9I'Wn~11"'fll91'jfllJtJt1n'W'W 'll'1'1if11'j1"'1~n~1 'Wt11~'I1~lJ n'il~ 
...1 Q,I .d iJ fj}.c:1 .ca oCll ,.. d 4 .c:1 I 

lJ'j~lJ1W 25 - 30 1'W 9f~91'Wn~llJf11'j1'il'jtyl91'U ~91~U~~'j~'U'U'j1n'tlfl~"''ll'lJfl~lJ1nff11J1'jt'l~~'I11 

"" ~,,'" .9" "" '1' I " "... t w ~"d ~ '1 '" fl1'111'j '1'W~'W ~~~ llJflfl1f191'Wn~1~~tJ~n 'W11lJM 91'Wn~1~nff1lJ1'jt'l9l~911 ~~1'j1 9f~ 'Wfl~91.. 
".::::ad 'JJ I iJ 0 Y.q ~ 4 d cv tI 

tn'l:l91 'jm 'il~ '1 'll'1'1i1.., l~n~ 1U'U'U'I111'W ~~ '1 'WUtJ~~l"'l~n~l 'Vl1 '1 'I1lJf11'j ff'W1tJ ~ fl~'tI fl~ llJ~~"''W 1ilJ1n 

.9 Ci ... I '1 ,,""'" • I """ ~. I. I '1 • I • I 0 '1"
U~~llJflt'l~n~1'Vl 'il~ lJ ~n'il~ 'lI'1'1if11'j t'lfl'W 'il1nUlJ~~l'" 1~n~lU~1f11 fI ~ lJlJ~n 'W11lJ~~lJ~n 'Vll '11.. .. .. 

II 

"'I "'I~"'" '" 0'1"""~ ... ~"" ''1
'j~'U'U'j1n\lnm~'Vl'U m~1'Vlfl'W '11 'jfl l~ 'j 'Um1lJ1fffl'l11f1 'Vll '1191 'W n~ In'W 91 1 l~ 'lI'ln11 'W f11'j1"'1~ 
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iI'I 'Iii iI 'I iI .... nm ~'Wm~lHJll unernr ~"b'm~lHJllt'V'll:flm'il:ff:~YJn ~'Wnl'j'\J'Wtl1tlU'I:ff1lll'jtl'W'U'il1'W'J'W'\JfJ'I 

iI iI lIJ iI' .... <!/ • .t1 "''I I lIJ iI d .1 
~'Wfl'll ~~'11tlfl11 fJ~'j1nlnfJ~~ltl\1'1'il'lff1lll'jtltH 4t1tflll ~'W"b'1'1U'jfl"l ~fH'j1'\J'W . ~ 

tijfJ~ 'il1'jW1'il1fl~1'j1'l 40 'il1flnl'jfffl'l:11'V'l'U11 lfl'l:l~'jm 'il:ijnl'j l,*~t1flfJfl't'Jflfli''I 
, II • I 

tijfJtJ\1flVl'lfl'Ww.l'l:fli''1 mll'j:'U'Ufll'jl,*-r;~'W 'j:'U'U-r; 1, 2 tm: 4 ijt1~'j1fll'jl~1~u~fl~1'ln'W 

t1m~'W'j:'U'U~ 3 ijnl'jl~~t1flfJfll'Wt1~'j1200 - 300 flfl.!1~ ~'1~t1flfJfl~lfl'l:lmm'l111111ffl'WutJ'I'I 
tllJiI 1d .1l1JiI '" 1.11 '1i1~"'': • .a 

'W'W ~~lll 'il1fl\J'I mUfl'l:l mmt'ltl'l nU'I:fJflff'J'Wl1'W '1lfl'l:lmm 'il: ~ "b'1linl'j111ClffJ'il1flUl1 'I 'IfJ'W "l 

U~ ff1'W111tti 'il:t~ 'W ll'l 1 rllllflfl1111"11fl ~'1't11 hr~11tfl 'j1n,~'W '\JfJ'ItJill1W ~'W 'Vl~ t11~tlU'I: 
U qJ " q 

... ,q .q do tI tI I .q QI 

lJ'jll1WfJ'W'Vl'jtlfll'j'UfJ'W (Permanganate Oxidized Carbon, POC) tm:'U1'1ff1'WfJl'il'il:lflfl'il1fl'Vl'U 

.c!t Gt AI .:i 0 GI " ... Iq .q do QI .. IQ Q do tI tI do I .d 
tlll'\JfJ'Itff'l:lClf1fl'V'l"b' ~ 'WUlJ '1'1 'il'l'Vll mlJ'jlllW fJ'W'Vl'jtl1~f\lU~:lJ suuueunst1fll'j'UfJ'W llfll\1'1m \1'I 

inn ~lll~l'jH 48 tm:~1'j1'l 49 

ffltJ 1,;'11tJilll Wms1~~ t1flfJfl~lll seuurns1~~~'W 't'Jm:'U'U1~ll 1mn'W fl1111 

• ~ ... 'I iI.t1... .t1.... iI d.I .... 1 1 iI ~ 'I iI"'.1
'il1tlJ'W lfl'l:l~'j mfl1'j11 'W III ~"b' 4t111 un t'V'l 'j1: 4t111 unmnumuru lJl 'I flHff'j l'l'\JfJ'Ifl'W ~ l1fl'\J'W 

~'" ,.II '.1 <!I '1 i1. 1 <!I.t1 lIJiI'<!I .;,.
fl'Wllfl1111'j1'WCJIti Clf'lrt1111:ffllUflnl'jlJ\1fl'V'l'lf unems ~'lflJ\1fl'V'l"b' 4t1fffl lflUfl 'V'l'lf~'j:fJ'Itl1 t'lf'W 

~'J'V'lf1 tt1~llfi1 t~'W~'W t~'Wt~llli1~ 1'W 1mt'il'Wl'W~'W ~'1'il1flfll'j1tm1:11'Vll'lnltlm'V'l'\JfJ'I~'W 

'V'l'U11 ~'W ijfl111111'W1Utl'W tJ1'W fl'll'li1'1~ fJ'W'Ii'l'lff'1~lll~1'j1'l 45..� 

d 
'j~'U'U'Vl 1 1fltll,*~t1flfJfl(~'11flu'I~\J~ 'lri) ~1'W1'W 300-400 flfl.!1 ~ 2 

d 
'j:'U'U'Vl 2 1fltll,*~t1flfJfl(\J~ 1flU~~\J'I 1rl) ~1'W1'W 300-400 flfl.!1 ~ 2 

d 
'j:'U'U'Vl 3 1fltll~~t1flfJfl(\J~ 1flU'I~\J'I 1rl) ~1'W'J'W 200-300 flfl.!1 ~ 2 

d 
'j::'U'U'Vl 4 1fltll~~t1flfJfl(\J~ 1flU~::\J'I1rl) ~1'W1'W 300-400 flfl.!1~ 2 

'I iI.t1 "''I ~ <!I <!/ iI 'I iii! "'1 ~ 4.5.5 ms ~'lf4t1tflll ~'WnlHm~'V'l"b' 'il1flnl'jfffl'l:llfl1'Wfll'j~"b'.t1tflll 'W'j:'U'UN'I~ 

<!I • .t1 "'d 1il1 'I 'lIJ iI ...I I

'V'l'lf 'V'l'U11 4mflll'Vllfl'l:l~'jm "b' fltlff1'W ~l1tjJ ~flUfl \1~'j 15-15-15, 13-13-21 U'I: 16-20-0 fJ~'j1 

'I iI. I ~1 w lIJ <!I .t1 '" 'I .II II I 

mr l'lflJ'j:ll1W 75 - 100 fl ~mll~fJ ~'j ~lll~1'j1'l40 lfl'l:l~'jm'il:mfJfl4t1tfl1J\1m ~fl\1~'jl1'W'I~fJ 
II II II • 

nl'jNii~Vl'lf 1 fli''11fltl'il~u,j'lnl'jl~~t1tflijfJfJm~'W 2 ff1'W fli''1um'il~l~'jfJ'Iti''Wl1qll U~~fli''1-r; 2 

'il~lri~m~fJd'lfll'jt'ilitjJt9i'U 1~11~'1'il1fltJ\1flVl"b'~fl1,;'tJ'j~lllW 15 - 20 1'W 1fltltfl'l:l~':im'il~ 
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... 1 Y.t1 1 y '" ... .,; 1 y w '.t1 1 y",mun 'If~fJ 'l1I'H1J1~fflJfl1J~"Il'U'l~~llJ<VUfl'l:lmm "Il'~llJfl'W1J1 l"ll''W ~fJ'Q;m 16-20-0 'iI~ "Il'fl1J 
, • tJ I 

fl~mhlJ~ 1'WVmlffl'W 100 ni'lfli'lJ~tl'~ ~l'Wl'W~'Wfl~llilJ~fl 8,000 - 12,000 ~'W~flVl'Wli 1'~ 
" " 'iI~U,j-:j1ff~fJ 2 fli'-:j fli'-:jmfl'il~1~';itl-:jn'WmJlJntl'WlJ~fl 'H"'-:j'illfllJ~fl'~lJ';i~lJ1W 15 - 20 i'W U'l~ 

~ .,; 1 '.t1 i .t1 1 Yi Y... '" 1 '.tI d 1 Y: ... I" ..I •flH'YI 2 'iI~ ff ~fJ ~Wfll';i'HfJtl~ ~fJ fl'l fl'W~'W~"Il' 'H'l-:j'illfl ff ~fJfl'il~ 'H'W1Ufl~'lfU1J1JfflJHtfltl';i 

Y: 14 I • t 'Q,II 11 4 ~ tQl ~ 
';i~fJ~n'l11'Wfln1'H'W1Ufl~"Il'tl~1'W';i~'H1H3 - 4 flH~tlfflJ~l'H 'H';itl'U'Wtl~fl1Jffm~fll1lJ'lf'W'Utl-:j 

~'W i~ fJ ff -:j rn~ 'ill fl11JVl"ll''H~tl 'illfl fl n fflJ Nff~'W 1 'W Uil 'l-:j 1'W fl';iW~ lJ ~ flVl"ll'1 'W ,fl-:j q~ ~'W hi 
" ~ IIrl 'W ~ tl-:j 1 11' '11111 tl fJ U'l ~ 1 'W ffl'W'Utl-:j ms il 'l fl Nfl fll~ 'H tllJ Mtl Nfl fll~ 'H H 'H -:j f1 ff'"~fl e ff..� 

Nflfll~'Ul1lJ~ U'l~'HtllJU~-:j 'iI~1~~fJ'Q;~';i 15-15-15 U'l~ 13-13-21 i~fJ'iI~l~tlfl1~~fJmh-:j1~tl~H 

'H~-:j1'Wfl1';ilJ~fl.w'lfNfl1'Wu~'l~mtllJ 1'WV~';ilffl'W 100 fii'lfli'lJ~tl'~ i~fJ'iI~u,j-:j1ff~fJ 2 flr-:j 

l,f'Wl~fJlti1Jfl~'H~ llJ~ ff~lJ'~11fll';i 1~~fJtflm umr H~~Vl"ll'l'Jm~1J1Jfln 1~~~'Wijfll';i 1~lJ~lJ1W 
.it _t': d QJ I .d 0 .e6 iJ,:t1 lid Q "I 

ff-:jlJlfltlJtlllJ';i fJ1Jl'YIfJ1Jfl1J'H'W lfJ-:jl'W'YIU'W~'W l~llJ~l';il-:j H'W lfl 11 Clf-:jfll';i1'lflJfJtfllJ1J1fltfl'W Lilune 
.. q 

I .,j 0 1 y.. ~ ,1 i 1 Y.t1 "I i 1.1 i ..d d
~tlt'Wtl-:j lJH'l'YIl 'H~'Wl1J'Wm~1J1fl'U'W ~m\1~l~fll';i 'lf~fJ L'W ~&'iI'W 'W~lJUtllJ lJ&'WfJl'Jfl'lf'W~ 

~.t1 d.9d' ~ I"; "I 
';illJ'YI-:j ~fJ~&';i fJ Clf-:jlJH'l~flfll1lJl1J'Wm~-~H &lJ'lfJ'WulJ'l-:j LlJ 

I 

fl1fl~U'W'W 

.,;� 
';i~1J1J'YI 1 2� 

.,; " 
';i~1J1J'YI 2 75-100 flfl.l' ~ U,j-:j1ff 2 fli'-:j titl ';itl-:jn'WmJlJU'l~'HfJtl~ 2 

Y 1 .... 1 "I Y ",,1"1.1i fl'W~'W"Il'l-:j~'lflJ~flL~tll~ 15 1'W'U'W ru 
. 

d 

';i~1J1J'YI 3 2 

I 
d " 

';i~1J1J'Yl 4 75-100 flfl.l'~ U,j-:j1ff2 fli'-:j titl ';itl-:jn'W'HqlJU'l~'HfJtl~ 2 

Y I .... 1 "I Y '" ,1 "1.1i fl'W~'W'lfl-:j~'lflJ~fl t~tl1~ 15 1'W'U'W LlJ 

4.5.6 ms 1 ~ff1':i tll ~~ ff~ ~ Vl 'lfU'l ~ ff1':iti1~~ i 'lfVl 'J1 'ill fl flU fffl 'I:lllf'W ~ 'U tl-:j 

tfl'l:l~';i ns&rl 'W ';i ruuil 'l-:j 1 'W rns1 ~ff1':i tll~~ffmVl'J1u'l~ ffntll~~ i'J1Vl'J1~ l1J';i~1J1Jfll';i 1 ~~~'W..� 
l~1~lJ~flVl'J11'W ~ ilu1J1J~1-:j'1 ~1Jl1 &fl'l:l~';im ffTU 1'Hqiijfl1':i 1 ~ffntll ~~ i'J1Vl'J1~ ~yj'W 1'W ms 
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., . ., 
t~~tJ1JVl'UVifh)'Um'j1J~nvh1'Uu~~~tli'-:J 1~wl ni'1J,jtln1Clf'U t1~'jlm'j1-N 750 -1,000 ~~.!1~~tl 

., OJ . 
m'j1Jt\nVl'lf 1 tli'-:J 1~un 'j~'U'UVi 1, 2 U~~ 4 1'Urii'U'\Jtl-:Jffl'jtll~~ff~iVl'lf'il~1-N 1Clft~tl{t1J'VI~'U 35 

., . 
t1~'jlm'j1-N 150-200 ~~.!1~~tlm'j1Jt\nVl'lf 1 tli'-:J 'YJm~'U'Um'j1-NVi~'U~11J~1'jl-:J 421~tJ~~~'U 2 

~ ~ ~, 

- 3 tli'-:J~tlm'j1J~nVl'lfHn 1 tli'-:J tli'-:JVi 1 ~~~'Uffl'jtll~~ff~'jVl'lf'H~-:J'illn1JClnVl'lfHmff~'il1'U'lfd-:J 1 
OJ OJ ~ 

tI I , I 

- 3 i'U U"'d'il~~~~'Uffl'jiltl-:Jti'Utll~~i'lfVl'lf tli'-:JVi 2 'il~~~~'UtijtlVl'lfHmijtlt:l1Q1~1J'j~1J1W 11 ­

15 i'U ~!tl1J..f-:Ji1m'jtll~~i'lfVl'lf1~tJ11im'j\ltl'Ui'lfVl'lf~~'U1'Uu1J~-:Jtltln U~~tli-:J~ 3 ~~~'Untl'U 

m'jt~'Ut~tJd 1J 'j~1J1W 21 i'U t~tl 1M'ff1'Jttli1ff~ltJ\9ld'H~tltl~1 'Utnw cn~ 1~t~'Ut1'U~'jltJ'H~tli1 

1J~1J1W ff1'Jttli1~n~1-:JU'tltJo-:JU'eeuin t~tltldl1J1J ~tl~fitJ~tl~'Unfltl 1'U m wi1U1J~-:Jff~iVl'lf 
d.!. "1 "'" I ",".1 I 'JI "'" '" <!I 'JI <!I "I ''''" d

'j~'U1~1Jl nn'il~ t~1Jtldl1J\l 'U rns~ ~~ 'Uffl 'jttl1J1J1 n'\J'U u~m1J U1J ~ -:Jff~ ~~'lf'U tltJ'H 'jtl L1J1J inen 'il~ 

1~1 -Nffl'j ttli1mtJu~ 'il~ 1-N11i ~'U~dn'H 'U tl'U 'H ~tl U1J ~-:J een 'il~Vl'lfu'"1'U111J vh ~ 1tJ 'illnrnrneumu 

t~l'HU'l~~'UfJViIJJl'U 11m -:Jm'j'H~d-:J'lJ'Uu1J~1~11 nci1Jtnllmm~1Jt\nVl'lfHn1..rn'U'VI1-:J~'U6"1 'lJ'U 

u1J~ 'il~~tl-:J 1~ffl'j ttli1'V\1-:Jnn tnllm'VIn'lfu~~ 1tl:i-:Jm'j'H ~d-:J'\J'UU 1J~~tll'H'U ~ 1'H1~1~~11J,j\U;}. . " 

1'JI "'" """"'i I ~ .6 1 ~ '" 'i 1'JIn1'J 'lfffl'jttl1J'VINn1'Jtnll~'j'\Jtl-:J1J~'U1i LtlHn1'J'H~d-:Jt'VI1'U'U Clf-:J 'UlJ'il~'U'U LtlH'H~d-:J'il~ 'If 

1J1~'jil'U1'U~1'Un1'JH~~Vl'lf~1J~tl~fitJ 1~un 1J1~'jil'U GAP (Good Agricultural Practice) 
. ,tI II I I 

'H1J1tJO-:J 'j~'U'Um'jH~~Vl'lfVi~ \9l-:Ju~Vl'UVim'j1J~n m'j~u~i'n1l1 m'jt~'UtntJd u~~m'j~~m'j'H~-:J 
OJ OJ 

t~'Ut~tJd t~tl 1..r1~H~H~~~i1tJwm~ i1~nllW~~H~l1Jtldl1J~tl-:Jn1'J u~~i1tldl1J1J~tl~fitJ~tl 
'JI ""'i .6 <!I "I 'JI I 1'JI 0 '" '" <!I 0 '" '" <!I "'" '" 1'JI "" "1.1
~'U'j Lfltl Clf-:J\ltl L~dln1'J 'lfff1'Jm'il~ff~i~'lfU~~ffl'jm'il~d'lf~'lf1Jtlmln1'J 'lf1Jlmn'U ru 

tnll~'j mtld'jmsV'U 'VI~ 6'ihm~ 'VI~U'VI'U rns1~ffl'j ttli1'V\1-:Jmstnll~ 'j t~ et~'U n1'J~-:J ~'U 'YJ'U1'U n1'J 

H~~U~~t~'UiJm~tl~-:Jud~"'tl1J 

150-200 ~~.!1~U~~750-1,000 ~~.!1~ 2,2 

150-200 ~~.!U~~1~750-1,000 ~~.l1~ 2,2 

dd "I' Cld "I ' 
150-200 ClfClf.! mm~500-750 ClfClf.! L'j 2,3 

.ct.cl "I' dd "I'
150-200 ClfClf.! mm:::750-1,000 ClfClf.! L'j 2,2 

1'JI "" "'" ""'" ~.: .. ~ 4.5.7 n1'J 'lfff1'Jtl'U'VI'j tJ'lfdm~ 'illnm'jffn1l1~'U'VI'\Jtl-:Jtnllm mt1J'U'jltJu1J~-:J 

~'U11 ms1~ffl'jV'U'VI~ 6;}dm~v-:J 1lifitltJutJ1J1~ t~tl-:J'illmnll~'j m rr-:J~~91~ti'Um'j 1~ffl'jttli1'V\1-:J 
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I dI .4 'I 'JI" 'JI ~ ~ I 'I 'JI "" .. 0'.. 
fll'Hfl'l:l\P1H)~ 9f'lt1JV !'IHnHf'l1J'Vll'lfll'Hfl'l:l\P1'Hm"J'il~m'U~HH'i"Jfl"J1fll'i !'IHY1'iV'U'Vl'i[l")j'''Jm~ 'il1fl 

, , I 

\11 fj} f CiJ fj} Q d old CiJ 9Id.e:t. I do d 

\P11'i1'1 43'il1fl !~"J1fll'i !'IHY1'iV'U'Vl'i[l"lf"Jm~\P111J'i~'IJ'lJfll'i !")j''Vl~'U ~'IJ"J1'i~'IJ'IJ'Vl 1 U~~'i~'IJ'IJ'Vl 2 

,fj} c. d old I d d d CiJ fj} Q d old CiJ

11J't")j'ff1'iV'U'Vl'i[l")j'''Jm~t~[I U\P1't'U'i~'IJ'IJ'Vl 3 U~~'i~'IJ'IJ'Vl 4 urm !"Ifff1'iV'U'Vl'i[l"lf"Jm~ !'U 

QI' \11 I .a d d ,. r iii 1 .add Q 

V\P1'i1ff"J'U 150- 200 9f9f./!'i t'UV'I'il1fl 'i~'IJ'IJ'Vl 3 U~~'i~'IJ'IJ'Vl 4 !~[lff"J'U !'H\Ytfl'l:l\P1'im'il~H~\P1~")j' 

ff'l 'tM'n'IJ1f'l'i'1fllHI ~"J'I'U'Uuile t~'U fll'i~~fll'i 't~ff1'i tf'lij'Vll'lfll'i tfl'l:l\P1'i ~'1 t~'U U'U"J'U 1[1'1.Jl[l'Uv'I• 
1J~ iJ~1 f'l'i'1fll'i 'H~ "J'I 't 'UmsHil\P1iil")j'~ijm11Jtl~ V~ ti[l~ vH''IJnflf'l.. .. 

.d 
'i~'IJ'IJ'Vl 1 o 

.d 
'i~'IJ'IJ'Vl 2 o 

.d dd \111 

'i~'IJ'IJ'Vl 3 150-200 9f9f./ rs 2 

.d dd \11'
'i~'IJ'IJ'Vl 4 150-200 9f9f./ !'i 2 

" ", " "1., .'1 ..... tl'" d/ I '1'J1.'1 ..... 
4.5.8 fll'i'il~fll'i'U1 !'U~'U'Vlt~l~ ~fl~"If 'il1flfll'ifffl'l:l1~'IJ"J1rns !")j''U1 !'U~'U'Vl.. 

'JI 'JI J' 'I ..r.d • ~ il 'JI .4 "",. 'I .,... 'I 'JI
fll'itfl'l:l\P1'i'UV'Itfl'l:l\P1'i m'l.Jl'U\P1'UH'I !'U~'U'Vl'U1~1 iuums ~fl'U1"Jt~ V'IJ'i !f1f'l !'Uf'l'i"Jt'iV'U rns!"If 

: ,",cU::1 QI: 0 fj} "J QI ~ ~:" Go' : I 0 

'U 1'UV'Itfl'l:l\P1'i m 'il~ 't "If"J1i H'U'U 1'il1fl~1'H "J[I\P1'U H'I't 'U ~fl'l:lW~t 1J'U~1 unu 'U 1 U~"J H'U'U 1ff 'I't 'U ~ 1 
I I" ", " 

miiv'I'U'U l~t~fl'H~VVh~ [lfll1f'l~V'I1ff'1ri Vi~'1'UV'I'i~~'IJ~l[1'il~ v~"J: '1fll1'i~~'IJiil'U Vi'U1 U1'il~ 1 'H ~ 
, ",. I ,,, I , 

" iii d QI a d d \11 'lil .a ~ .a do ddQI QI

t'U1 !'U'Vl'U1\P111J'i~~'IJ~'U'Vl~~'H~'U\PIl1Jffm~'Vl'U1U~~ !'H~~'1! t'iV[I'1 'il'UfH~'U'Vl'U1'Vl1J'i~~'IJ 

~ 'I <;:'1'" ''JI 'I il 'JI I .1 ....I I., 

\P11"l~ U~~ !'UU\P1~~1J f'lV "If"J'I\P1'Uq~fll~ !'Ufll'itm~ ~fl'U1"J 'il~"If"J[lfl'U9fV1JU9f1JH1[1U~~~lm1JV'I 

1 , 1 " 

Vi'l11~~tiY[I'H 1[1 U~~t ~ 'U Vi1im 'i1J\P111Jf'l"J11Jt;';vVi~'IJ'VlV~n'U 1J1 'ill fl'IJ'i 'iW4 ~'l:l flV ms t~[I'I H~l[1 
dI ' ~ ~ 

m'l:lltlflltflV:::\yV t~[lfll1 ~8U.w 9f'lilvtl~,j~lt~'Utl'i:::~l'tJfliJ~"J[lf'l"J11Jt~V1J1~'1U~~'1t~1Jl1t~'U 
~ ,�

.1 .!!I 'I 'JI 'JI ... '" I. 'I 'JI'JI "tl II) 'JI�
fll'i'UVH'U1"t1 !'H\P1fl\P1V'I\P111Jq~fll~ 1J'U 1'Vl1t~[I'I~V\P1Vfll'i'Vllfll'i tfl'l:l\P1 'i U~:::'UV !'H'U1"J'Vl ~fl !~H~
 

liIf1i"i't'....... ~,.,...""~ ..,•.~ .... ,~~~ " ....~..,.........~"'~... I 

.e::::t. do iii do d .. 1 d d d .. 1 GJ I QI il " d " .a d " do QI

H~\P1~ !'U mst~[I'IHH1[1":::1Jfll'it~[I'IHH1tl !'U"If"J'I'H~'1'il1fl enurnns 'ilU~"J'H 'iV'Vl")j'l"J'I.Jl'U uunnu.. 
11"11"J'I'Ii'1"Jt~'Umj1Jt~'U ern 't'U ff"J'U'UV'Ivf'U~~v'U'H~vvf'U ~tiJ'Ut'U1ijf'l111J~1~i'U ff'l ff"J'U 'tmU'il::: 

• .. u 

,,, " . 
't~tl~fliil")j'1 i ~'1 ~lt~ 'U Vi 'il::: ~V'Imff[lU1~'U 'turns t~l:::tl~fliil"lft ~'U m1'fl ff"J'U 't'Uiil'UVi~1~t;$'1t'U1 

~ d lIltl QI 0" ~ ~Lcl I fj} fj} ~ '.e::::t. QI 1I1 ' 
ffm~~'U'Vl'il:::'U'U1'U! fl'IJm'H"J[I ~'U'Vl1Jf'l"J11J~1~t'Vlf'lV'U'U1'1'UV[I 9f'lm'il'il:::v~'IJ'inW'H"J !'itl~l[1 

~ ~ 

.. I I • 'JI d/ 'I 'JI. 'I il "" 'I 'JI tl"" 0'
'U11J'i:::'IJ'IJ'VlVff'l'U1t'U1t1'1 rm !'H'U1 !'UU ~'1'U[l1J !"IfU'IJ'lJff HtflV'i'il1flfll'iffV'lJtI11Jtfl'l:l\P1'im 

" ", " 
~'IJ11 'il:::'tM'u1uriiil"lftl'i:::1J1W 15 - 20 'UlVi~Vfftl~'1tflV11 ~"J~Vl ~~ i'ffij'UV'IU1Vi\P1fl~'1iil'U 
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a f ~J I Q.I 0 .c::. tI .c::. : Q.I ~ ,d
tJ~~lJ1W 4 - 5 ~lJm 11H)tJ1'illJlflml'U'lJ'\.H)~fl'IJ'il1'U1'\.J'~tJH~fltJ~U,,~tJ~1J1W'U1 "flllW~~'U'Yl 

" . " 
~-:Jflril111'llJn\l' ,*~'U ~ii 'U rns ~~l~tJ"fl~'b''b'iJ~~l~''l1~\91"tJ~11'1iJ.. 

I I SI jJ SI I I , 

~ijtJ~ 'ill~ W1'illflViflril1<U'UlK'U ms ~~ fl1Hl1' 'U~'UVi ~ ~'IJ'IJ rnr'l oM'Vi~'U ~ ~'IJ'lJVi 1 
I I I WI'" 'I 

Q I fJI.d Q Q' . , ... 1 <I!l ~~ a del Q.I

U,,~ ~~'IJ'IJ'Yl 2 'fltJ'U'lJl~'Yl'il~lJ'fl11lJ~11'fN 'Ufl1~'lJl~'Ul 'Ufl1~~~l~lJ\1fl ~'UtJ-:J'illm1J'U~'U'Yl'YltJ1fHJ 

" " " Ji
tJ 1 ~'U ~1~n~ ilW111 ~'U'Vl ~Glh~ vtJmi ~ vh'oJ~'lf'lJl ~tJ 1 ~,,~~ \91 1~ 'fl 11lJ tfftJ111tJ Il)f~ 111J1tJii-:J 

" 
Q.I a ~ ~ \II sJ ~ d.d a 'j/ Ji 1 ,

~flll m m il ~ ~ 11''IJ ilqj'l11.,n~ 'I'J 'U nufl1~ 1J(Jfl~'b''flH'U'U t~ U,,~ ~'U 'YllJ~ 'lftJfl'fl'J u 'U tJu Il)f~ ~ ltJ\91 em ~ 
... .: , .. IIJ!II Ji. , !lid.. d Ji .: d... I 

11'Wt11'tJ'fl11lJ'lf'U 'U~'U t~ Il)f~U\91fl\911~'illm~'IJ'lJfl1~ 'b''Yl~'U~~'IJ'IJ'Yl 3 U,,~ 4 1l)f~~'U'YltJ1fW~~'IJ'lJ11'~.. " 
: 'j/ ~ ,: ~ di fj/ .d,l.c::. \II .c:I' ", , !II ':IQ

'Ul~'lJlm~'U'Yl ll)f~ilW111' 'U~l'Ufl1~11'W~11'tJmllJ'lf'U' 'U~'U tlJlJilW'I11 t~tJ~U\91\91tJ-:Jm'IJ'fllJfl1~ 11'Ul u Cl,JU u q

" .
ti'IJ~'lf' oJt 11lJl~ 11'lJ1tilJl fl11imj'tJmn'U 1il 1~tJtJ fl~U~1'flT~ i'fl1l1'fl11lJt)f'U''U ~'U Vit 111J1~ 11'lJtJ~ 

.1 .1 '" d '" 
lJ'j~1J1W 25-30 ~lJtJ'j~Il)f'U\91 

. .. .. 
_I ~ Q.I' ~ , '''=I~ '0"" dl

4.6 msuse tJ.lUfI fltl.fl1't't'Utl.:l~~'IJl.J m·UH'IgJgJ1J.1~~1.J1.J ms 'Iff1V1U'U tl.:l'JJ.lU111ltlgJUN.:I 

, 'U fl n il 'j ~ tiJ 'U 'Yl H ~l'U fffl ml1~ 'lJ tJ-:J 'j ~ 'IJ'IJ fl1 'j ~~ \91 \911lJ 'j ~ 'IJ 'IJ rrn'l'*~ ~ 'U' 'U 

.1 I I ':!II !II.l . !II .11 
~ lJU'IJ 'IJ \911-:J "l 'lJtJ -:J 'J lJ'U111 1tJ\91 'U ~~ ~ tJ'illnmr 'U 1'lJ tJ~" 'illnu'IJ'IJ 11'tJ'IJmus1(IUun -:J 'lJ tJ-:J tflll \91 ~ m 

QI di C\ a "1" • .d 0 QI .d ... 1 d Q 'j/ QI ,,,,de:.
\911U'Yl'U Il)fn~'IJ'IJ rns ~"\91 \ltJ !~11lJ'fl11lJ11'l'flqjtJfllJ'j~ mr 11'U ~ lJ'fl11lJ11'tJ~'fl "tJ~ nurm 'If'Yl~ 'U 

, . 1 Ji.dl '" .. !II d !II.,.j ,
'U mr ~~l~lJ\1fl'lJtJ-:Jtflll \91 ~ m Il)f-:J 11lJ ltJ\l~mllJ ~~lJ11'lJ\!'j W'lJ tJ-:J~'U t'lJ llJ 1~ fltJ1'lJ tJ-:J~'U tJ~ 'illfl 'U rnr 

" .
~~\91VJ'b" 'UU~ "~'fli'~vtJlJtn~fl1'j11'W~fftJ1il\91tJ1'111'j' 'U~'U U"~ V~t~'U il 'iI~tJVi~1ti ~vh' oJ~'Uii'fl11lJ.. " . 

.,.j 1 lIJ!IId .1 !II '!II .. .. "'I • .. I "'!II , .. 
t11'tJlJ nsu t~1'j1lJlfl'lJ'U mlJtJ~ 'U~l'Ulft'jll~fl'il fl1~~"\91~'lfU\91"~'b''U~tJtJlJlJ\91'U'I'J'U'Ufl1'j~"\91 

I ~ ..... I Ji c::lI'" !II IIJ!II I,!II .. "'I !II
1'b''U lJ'iI'iltJfl1 'j~" \91 'Yll~ ms tflll \91 'j \9l1-:J"l ll)f-:Jl1J'U \91111'~'Yl tJ'U 'j ltJ t~ 'j ltJ'illtJ 'U~ l'U fln~" \91 ~'b'm 

lflll \91 'jiifll'j11~U~'U fl1'j ~~ \91 ~~11'tJ~'fl~ tJ-:J timh~l 1m''U 1~ l~tJ".. fl~111lJ 1~ 11'lJ tJ ~ ~ fltJ'IJ ti'IJfll nl1 
, SI SI I 1 

fl1 'j lflll \91'j Vi ~ (Good Agricultural Practice) 11i tJ GAP ~ 1lJ 11-:J fl1'j ~~ fl1 'j~'U Vil~ l~tJ".. fl Vi 

1'111J1~ 11'lJ VtJlJ 't111oJ~" ~~\91~tJtJfllJlii'flwm~ tJ"tJ~tltJ{h11i''IJ~'IJi1fI'fl U"~'lJltJi~'jlm~ 'illfl. .. 
SI " SI I 

fl1 'jfffl1l1'fl i'-:J Ui~11'f1~~1~i~ l~tJ' oM" 'U fl1'jtJ'j~liJ'UfffltJm~'lJ tJn~'IJ'IJ fl1'j ~~\91 1~Utl '" flll W~ 
SI I I SI 

"'I ... , ".::I.c::. .c::. a Q,I tic:. 0 ~ g) 0 

'Yl1~fl1tJm~'lJtJ~~'U'Yl 'j~'IJ'lJfl1'j 'b''Yl~'U 'j~'IJ'lJfl1'j~"\91~'lf U"~fl1~tJ'4mll~'UU"~'Ul11J'U\9l'U 'Ul 

!II IIJ.I ... "', !II ~ • • di !II
'lJtJ~"'iI~U'IJ'lJ11'tJ'lJmlJ tlJl'YltJ'lJtflWC¥1fl1'j 11'fl~U'U'U\911lJ\911'jl~ 2-13 'illfl'U'U'Ulm'fl~U'U'U'Yl ~t1W 

" timhci1~tJl11'1!fl\9lllJ\911'jl-:J 141m~tJ'j~liJ'U~~'IJ'lJfl1'j~~\91\9l1lJ\9lnl-:J 15 ~~m~ 13 
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'" ... ~ 

'"
. 

2. fl111.H11~'lfU'IJfl'lVfU'Y1 

~ . 
3. '~fJ~ITt11m'Htl~ HVluVi 

4. fl11lJ~1um,1~u~l'vn~tJ~n 

5. nm~; fJlJ~U~ntlutJ~n 
.1 

6. m''lJUlltJn'ltJ~n 

7. m,tJi''IJtJ~'1~UntlutJ~n 

OQlQl4

8. ffl,m'il~1'1fVl'll 

9. ffl,tltl'lnU fh~~lllJn'lff~1Vl'lf 

:1 '" 10. ~fJlfllJ 

11. ~fJfltln 

oQ .e::t rI.e::t 
12. ffl'tlUmfJ'lf1.fl1Vl 

~ 

15. 'liu-uu'~~U+'M~lll~n 

, 
fllfl:::ll'U'U11lJ 

I 

10 

10 2 

10 2 

10 4 

10 

5 2 

5 2 

4 2 

4 2 

4 2 

4 2 

4 o 

5 

5 

10 

100 25 

2 2 

2 2 

2 2 2 

4 2 3 

3 

2 2 2 

2 2 2 

2 2 3 

2 2 2 

2 2 2 

2 2 2 

o 2 2 

24 26 30 

d d '4 d .. I .c:l 
'j~'U'U'Y1 1 lI~~t~'\.J tHl tl111Hl '\.Jf11'j ~'Vl'\.J'Y1t'Vn~u'Jfllltl~U'\.J'\.J 4 tl~U'\.J'\.J 

I " I , I 

tijt)'1~lfl')h:jl'\.Jf11'j~flVl'\.JYi~'\.JtJ11'\.Jl'\.Jfl-jl'j~'U'UYi 3 une 4 ~~~mJ'Ut)n~'U'UYi 1 flt) "'fl1:lW~ 
" I' " 

Ul1rl'l'Ul1 '\.J f11'jt'Vll~tJ'Jfl ijtl~U'\.J'\.J 1 tl~U'\.J'\.J tijt)'1~lflt~'\.JYitl1ff[J'Ul H'\.J1'\.J f11'j t'Vll~tJ'Jfl (;Yl1J1Hl 
~ ~ . 

tJ'JflVl'lfttti 1-2 tli'~IPit)tJ f11'jtll~[JlIVl'\.JYitit)'\.JtJ'Jfltt~~(;Y1'jv'\.J'Y1~6;hm'Vl ('Vl~.2 U~~'Vl~. 7) ij 

neuuu 1 une 0 tl~U'\.J'\.J 1I111~1~'U 
, I" I " I 

.d d '4 d .... 1 d 4 d Idl 1"dI 
'j~'J'U'Y1 2 lI~~t~'\.J tlt) tl1111t1 '\.Jf11'j 'If'Vl'\.J'Y1t'Vll~u'Jfl U~~f11'jtll'j[JlI'Vl'\.J'Y1flt)'\.J 

I" 1dl 1914 

, I " , 

tJ'Jfl t'li'\.Jt~[J1ti'U 'j~'U'UYi 1 ulPi~~~t)[J'Ut)'1'j~'U'UYi 2 flt) tl1111~1~'I1'\.J'Ut)'1Vl'\.JYi U~~"'fl1:lW~fl1'jl~ . 
... 
~ 

'" .1
'Vl'\.J 'Y1t'Vll~u 'J fl 
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d. .<:::1 I ~ L:1 Q d rid 'JJ 
~~'U'U'Vl 3 ll~fH~'W fltlllfll~ff1~tl'W'VlHI'l51fll'V'l ('V'l~.2 ~W~'V'l~. 7) H"~~~~tltl 

Y Y • 

'lJtl~~~'U'U~ fitl fll~~~~t111yt'WYintl'WiJml ~fll~'1~ff1~fi1~~'hyt'l5Q~~'W.. 
I .". I jI Id d I ~ .do'l 'l'JJ.e:t d ",I d ... 1d.e:t I 

~~'U'U'Vl 4 1l~~~~'W fltl fl111111 urns 'l5'V'l'W'Vl~'V'll~lJ~fl fll~~IPl~t111'V'l'W'Vlfltl'WlJ~fl 

fitl ~ fll~ '1 ~ff1~ fi1.ij~1'l5yt'l5~W~ 111 nnu ~w~iJ~1J1W ms '1 ~ffn fi 1~~1'l5yt'l5-Wtl t1fl ';h~~'U'U~ 1, 2 

d Q d tid 'JJ d.C! J' .ci tlQQ.I 

u,,~ 3 U"~llfll~ffntl'U'Vl~t1'l51fll'V'l ~~~tltl~~'U'U'Vl 4 fltl 'V'l'W'Vl~flllm'lJ1~1J11Pl~fl1~tl '\,Pflll~WW~ 

180 l­ 159 
160 

140 127 122 ' .130 

c 
~;:; .--,.­.....,.,. 
~ 

-E 
-!: 

120 

100 

80 

60 

40 

20 

0 

r:1JuY! 1 r:::uuYi 2 r:::um1 3 

, , 

'l11J1t1l'l1lPJ: 19111J1fl 0 - 73, 191 1 74 - 146, ihunme 147 - 219, ~~ 220 - 292, ~W~~~1J1fl 293 - 365 

Q I: '3J 'JJ,l 'l 'JJd Q • 

'il1flfll'V'l 14 ~~'U'Ufl1~v-J"IPl'lJtl~"1l'W1'l11t1IPlWNIPl111~~'U'Ufll~ 'l5'Vl~'U 'V'l'U11• 
Q d 19 rI Q.I ~ d l'l tI Q.I 4

~~'U'Ufll~v-J"1Pl ~~'U'U'Vl 1, 2 u,,~ 3 tltl bWflWCY]~~~'U1Pl1 ~~'U'U'Vl 4 tltl 'WLflWcy]~~~'UiJ1'Wflm~ ure.. ..� 
-W'il1~W 1'il1flIPl1111Pl1~ 1~ 44 fi1fl~tt'W'W~lPltl'U'il1m~'U'Ufftl'Umm1t1ttiJ,,'l 'W'U ,:h ~~'U'U~~fi1fl~U'W 'W 

~'l,,!~ 1~un ~~'U'U~ 4 ~fi1~'Yhtl'U 30 fl ~U'W'W ~tl~"~1J1 ~~'U'U~ 3 ~fi1~'Yiltl'U 26 fl~tt'W'W ~~'UiJ~ 
, Y 

do I I OJ .do .<:::1 I I Q.I Q.I 

1 umimnu 25 fl~U'W'U ~W~~ ~iJiJ'Vl 2 umrmnu 24 fl~U'W'U 'il1flfl~U'W'U~111'Vl~'l111~ 56 fl~U'W'W 
I . jI I 

~W~~1~jjtlfl~~~'U'UYi1~1iJfJWtliJfi1ci1~~1'l1'lJfl 'V'liJl1 ~~iJiJYi 1, 2, 3 u"~4 ~fill'yhtliJ 

127,122,130 ~W~159 fl~~~'U'U mll~lfliJ 'il1flfi1fl~U'W'W~111 365 fl~tt'W'W ff~iJ1~11~~iJiJfll~v-JillPl• 
Y Y • 

'lJ tl~ ri lllJ 1l1'1t11'i''W ~~ tl thflw ~1911~'liJ 1'W fl" 1~ 111'1'Wtt~'lJ tl~ ~ euu rm v-JillPl u~ 1~fltl.fl1'V'l 'l'W rm v-JillPl. .. 
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.c:i QI .c:t I ~ ~d~ ~ I " ~ ~ d.d rI 
'i~'U'U'YI 4 fffHJfil'Vi~fl1l'i~'U'Ufll'i 1'lf'YI~'Ut!'U'Ufl'U !!~tlUJfl.:.t I 'Ul'ifl.:.t'YIlfltl1f111ll~~ll ffll\!'iW'lJfl.:.t 

~" ~ tltI:::t.. tl jldt:::t. dd J!!I <iI jldtl:::t. d.Ji .c:t 

~'UUCl111lflfll'i1lml~l1~'U 'Vi'U1l reuunn 1'lf'YI~'U'YI~ff~ f1fl seuums 1'lf'YI~'U 'i~'U'U'YI 3 CJ1.:.tll• 
,,~ d d ~ d 0 GI jld <iI QI Ji 'QI dtI:::t. 

rm1'1f'Vi'U'YI1 'Ufll'i l'Vil~t1ClflU'U'Ul1ll'Ul1t1'U'Vi'U'YI mmunnu'Ufll'i'Vifl~'U CJ1.:.tU~fl~l.:.tfl'U'i~'U'U'YI.. . 
A d ~ d 4 I , .;. dAd '=1 If:!l 0 tl ,,~ ,.. J!!I 

4 'Vi'U'YI'i~'U'U'UlI~llfll'itlClfl'Vi'lfflm.:.tllfll'U fl.:.tUCl~t1Clm~ll'Vi'U'YI~Clfl~lJ lI.:.t'Yllll1lJWl1 1 I Hl'Vi'lfUCl~ 
.. .. u 

UllCl.:.t'Ul~ l'UUtlCl.:.tlllfl 'thl11'~Cl~~~1~i''Ufl1llllfftll1ltl l'Uff1'U'lJfl.:.t'i~'U'U~ HlCl~2 ii~lfi~'YIl.:.t 
II I II • I 'jI II I , 

"" d "" ~ "" dd w 0 .1 'I .1 "".... "" d ~ d d
flltifil'Vi 'IJ fl.:.t'Vi 'U'YI fI fl nru 'Vi'U 'YI 'YI fllfftl'U 11"l'U I 'Ufll'i 1'Vi l~ lJ Cl fl'Vi'lf Cl flll W~'Vi 'U'YIllJ 'U'YI ~ fl'UUCl~ II.. 

iI • •� 
.4 d d~ • d� 

f11lllCl1~l'YI'lJfl.:.t'Vi'U'YI 1I~lllJtlJl1llllflfl1l'i~'U'U'YI 3 UCl~ 4 

~ ... CllI J; ... CllI "'...... '" ",.l
4. 7 tYtll'Ulll'rUlllll~~lItYlI\I'nU"Utl~~'U 1'U'W'UYlfl11lfl'U~1~11l1~'lJ'lJfl111"Y1~'U"Utl~'lJ1'U~'UN~ 

1~m~'U~1flVl.:.t~'U ~ lll'i~'U'Ufll'i 1<M~~'U l~fl1lfl'i 1~l1' ffll,j~'IJ fl.:.t~'U 1~u Ii 
iI 

QI.e:t. QI.::::t. d. .e:t. d. QI d. 

ffll'U~'YIl.:.tflltifil'VillCl~ rruuan Hlflll'IJfl.:.t~'U ll~.:.t'U 

iI • 

4.7.1 liifl~'U lIlflfil'Vi 15 l~'Ufll'ifffllll'YI1.:.tflltifil'Vi'IJfl.:.t~'U~lm~'U'Ufll'i 1<Mn~'U 
GI I "" J I ~ tI:::t. d .4 ll] 1.4 QI QI: .. I
1'U'i~'U'U~HG'] 'lJfl.:.t'Ul'U~'U~.:.t 'Vi'U1ll'Ufl~'U 'i~'U'U'YI 1 fll'itl~fl'Vi'lf 1'i/'Vi'lf~flfllfftl'Ull"l'U f11lllCll~ 
QI tid tI.c:t.lt:::t. ~ tI:::t. d d _~ 

'If'U 12 - 35 ltlmlCJ1'U~ lll'Ufl~'UllJ'U~'Um'Utl1(clay) llfl'4filfl'YI'ilti fl'4filfl'YI'iltlUlJ.:.t UCl~fl'4filfl 

~'Umi1t11 iifllrvllfi'U 25, 15 UCl~ 60 ltlfl1l~'U~~lmh~'U 'i~'U'U~ 2 fifl fll'itl~fl.w'lf1~/.w'lf~fl 
iI iIJ 

fllff'm11N'U f11lllCll~i'U1Jlfl1l 35 ltlfl1l~'U~ 'IJ'U 1 il iiliifl~'Ultl'U~'Umiltl1 (clay) l'li'Ul~t11fi'U 

fi'U'i~'U'U~ 1, 3 UCl~ 4 iifl'4filfl'YI'ilti fl'4filfl'YI'iltluil.:.t UCl~fl'4filfl~'Umi1t11iifllrvllfi'U 27, 16 

... 1 tI d tI 0 QI d.4 4 QI ~l .c:t ~.J , ~ 
UCl~ 57 llJfl'ilCJ1'U~ ~lllCll~'U 'i~'U'U'YI 3 f1fl fll'itlClfl'Vi'lf~fl~Clfl~i1l1ll'Untl'U'Vi'U'YIU'U.:.tllJ'UutlCl.:.t.. . 

iI 

Vfltl f11lllCll~i'U 12 - 35 ltlfl1l~'U~ iinjfl~'Ul~'U~'Umiltl1(clay) iifl'4filfl'YI'ilti fl'4filfl'YI'ilti 

.1~ tI:::t. d d' I QI ... 1 tI d tI 0 QI d .4 
UiH UCl~fl'4filfl~'Um'Utl1llflll'YIlfl'U33, 14 une 53 llJfl'ilCJ1'U~ ~lllCll~'U UCl~'i~'U'U'YI 4 f1fl mr 

.1 "".... ~1'l.1 c::l':.d w .1 tI c::l tI d ':... ~... d 

lJClfl'Vi'lf~fl~Clfl~lJ 1~t1lJClm~ll'Vi'U'YI f11lllCll~'If'U 12 - 35 llJfl'ilCJ1'U~ lll'Ufl~'UllJ'U~'Um'Utl1.. .. 
(clay) iiU'4filfl'YI'ilti U'4filfl'YI'iltlull.:.t UCl~U'4filfl~'Ull1i1t11 iifimilfi'U 33, 12 UCl~ 55 ltlu1l~'U~ 

II • II II 

~lllii l~'U l'U ff1'U'lJU.:.t.w'U n~'Uth 121 1~uli th~'U \11 'Vi'U 11 iidju~'Ul~'U ~'Umiltl1 (clay) ii 

_~ tI:::t. d. d.' • QI ... 1 tI d tI 
U'4filfl'YI'ilti fl'4filfl'YI'iltlUlJ.:.t t!Cl~U'4filfl~'Um'Utl1llflll'Yllfl'U28, 13 UCl~ 66 llJfl'ilCJ1'U~ 

iI 

~llliil~'U l'li'Ul~t11fim:hl<Mfffltl'Vi'U1l iidju~'Ul~'U~'Umiltl1 (clay) iiU'4filfl'YI'ilti fl'4filfl 

_94 tI:::t. d dl tQl tid tI ':d ""1'4 
'YI'iltlUlJ.:.t t!Cl~U'4filfl~'Um'Utl1llflll'Yllfl'U 28, 14 UCl~ 63 ltlU'ilCJ1'U~ UCl~'Vi'U'YItI~fl'IJ111'i/'Vi'lf 

iI 

'VilW'lfV 'Vi'U1l iirUfl~'Ul~'U~'Umi1t11 (clay) iiU'4filfl'YI'ilti U'4filfl'YI'iltluil.:.t t!Cl~U'4filfl~'U 

miltl1 iifimilfi'U 25, 17 t!Cl~ 58 ltlu1l~'U~mlliil~'U 
, tJ I II • 

djUfllIl'iW lll~llt'U1~1l .w'Unlflllll'i t!Cl~.w'Un~'Utll121iiff~ff1'U'IJ U.:.tU'Ufilfl~'U• 
II I II I " 

mil t111Jlflfl11U'4filfl'YI'i ltiUCl~ U'4filfl 'YI'i ltiUil.:.t ~.:.t ..h111'.w'U nlflll ~'i UCl~.w'U n ~'U til121iidjU~'U 
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t~'U~h.Jtl'i'Utl1 (clay) Ul:l~fl~l'Un~lJtdfl~'U1;,~tfltlfl (fine textured soils) ~'H"flflfl~fl-:Jn1Jfltul'ln6 

fllfl1'111tJ!Vl1'Yltll (2544) 1~11 ~'W~~ffflff1'W'\Jfl-:Jfl'4fllfl~'UmUtl1tfi'U40 ttJfl{t~ml ~-:J~fl11~ 
~	 ~. 

tUfl~'W'I1 1:1m~'UtJl ~tfl'Yl~'Um Utl1 (clayey soils) 1'W '\Jtu~VhUfl~'W '11 1:1rnls ~tfl'Yl~'U'Ylllt1Uil-:J (silty 

soils) unetls ~tfl 'Yl~ 'W'Ylll tI (sandy soils) 'l~~fl-:J~ fffl ff1'W'\J fl-:J nri unu fllfl'Ylll uuij-:J ltl:l~fl'W fllfl 

.c:::::.� tI d tI tI d tI J ~ ~ .c:::::. od .c:1.c:::::..c:::::. I QI.c:::::. 

'Ylllmn'U 80 ttJflWlf'U91 une 90 ttJflWlf'U91 '\J'UltJ 'Yl-:J'Ut~ll~fl'4fllflfl'Um'Wtl1lJfl'Yl1i~l:l91flfflJ1J91 

'\Jfl-:J~'U 'J: -:Jn11fl'4fllfl'\J'W lf1'Ylllt1Uil-:JUl:l~'\J'W lf1'Ylllt1911lJl!l1~1J ~ 'W tlifll:l~tfltlfl~ n~'I1fl-:J'\J'W lf1t~n 
~	 ~ ~ 

vb 1l1'tJ'lJ'l~h l~lJ1n u~~f11n~1J1t1u um tUfl~'Wl:l~tfltlflffllJnt)flflci1J1il91fl1'Yi l~lJ1n ~'U~-:J~.� .. . n 

tI .c:::::.� od QI I CJJ ~ I CJJ QI 

fl11lJf;jfllJ fflJ\!ltu 'J: -:J fI'W l:l~tfltlfl rrunr m1Jf11l1ff~tIlf1m -:Jl:l~lJ In'1 U91 f11l'l1l:ltJl ~'Yll'W91 fl-:Jl~1-:J 

1'Ut~ fl-:J'\Jfl-:J ms cll tit'Ylfll nlfl''\Jfl-:J~'U 

80� 

66� 
63

60 5857
60 

33� 33 

o 

QI I • d ~.: "" .: d 'JI 'JI,1
fll'rt 15� fffl ff1'W '\Jfl-:J fl'4 rn fl91 N'1 'YltJ l ~ neui1J'W t'W flfl'U'\Jfl-:J~'W 'Yltf11191l m 1J1'W 91 'W H-:J 

911lJf11l1~~~'W 1'U l~1J1J~ N'1 

1fJCJJI~.d I:CJJ 'jJJd.~.c:::::. I ,At::::t. od QI

ff~ il ! fl11~'U'Yltf11191l'\J fl-:J~lJ 'W I'll 1t191'W H-:JlJ iu flfl 'W fl~ 1 'U n~lJt'W flfl'Ul:l~tfltlfllJ n 

I' d 0 9JIj) : CJJ QI 'j).c9 od� rI 
'I1fl-:J 11-:J'\J'U lf1tl:ln 'Ylll'l1 f;jlJ 'W11fllJln f11l~flClf1J1i19Jfl1'11 n lf1lJ1n 'l -:J urrnu f;jfllJ fflJ\!ltu 'J: -:J Ul:l~ 

QI I + CJJ ~ jI .ck CJJ .c:::::. rI od I QI 

ffllJn m� urns 1ffil tIlf1flHl:l~lJ1n'11f1 Clf-:Jfllf1 mnms1tm 1~'I1 'Yll-:JtfllJ mnl l~fl1J'\Jfl-:J1il91
'"� . 

fl1mlVJ'I1~ril'J: -:Ji)-:J 'J: -:JlJ1n U~~~~fltffm'l1'Un'W flfl f11lcllm'Ylfl1f11fl'l1J~ f11ll~1J1t1Jltl:l1 llnVJ'I1 

.:, "l.1� _I ~ "l 'JI QI "" ~ • d ~ "" .k 0 '1 'JI d "l 'JI "" 
'Yl1 IUfll'lUl~ff1Juty'l11'\Jlf1fllf11fl' lfl Ul:l~lJmnflt1J'WUH'UU'\J-:J UflH1 Clf-:J'Yll1 'YitlJl:lfl-:Jfln lfltlln fI'U 

~ 

tUfll:l~ tfltlfl~ti lllJ'I1191tf11~n'Ut ~'U nfl'W U'Il'W ii1Jf11l1t)~ l1'U ~-:J~fl-:J 1~n 11:1-:J-:J 1'W u In Vll-:J ruu'tn 
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':... .J .. <6 ~ <6doiill I.J "" 
'ff'U 1il ~H).:j 1"H1111ll::: 1'iftIL'Vlll.:j 11 'm C)f.:j m 'iJl1J'U 'ff11'11 ~ •'I1'U.:j 'Yl'Yl1 '11 tl1tl 1 111 '11 'U 1U'U 'U '\I fl.:j'Vl 'U 1f11:1m11 

tld111'11'U 1Utl 'U 'i::: ~l.Jtl1'U fill1.:ji).:jfifl'U ~1.:j "J.:j~111~1'i 1.:j 

~.:j 1fi1:l ~ 'i n 'i 'ff111 1HI ~~ fll'i If'U ~ 1fi1:l ~ 'i ~ ijnifl ~'U ll:::lfl fJ~ 1 ~ fJf11 'i 1~11 

V'U'Yl~ fJl~Qll.:j i 'U~'U rm 1~1IV'U'Yl~fJl~Ql~'Uln1J1m!1'Ui umnl i'l.J~fl~flfJfl'Ul'dfl.:j1J1'iJ 1fi~'U ~ 
.:!I .c:::l 1 4.c::s ~, e::t. .c::l QJ QI" 4" 0il ~fi'Vl'if1l1'U fl'l1 fJ11.J'I1 'i flll:::lflfJ~1f1'U il fl'U'Yl'i fJ1~Q'U flfi'iJ 1fi 'iJ :::'ffll1fJ~1 i mil~m'l11'i 'Vl'lfUll1 'iJ:::m 

~ J ~ 

i..r~'U 1 tl~.:j flln:::1.J1fJ'lJ11m:::mf11ff~'\I'U 'Uflfi'iJ1fiilv'U'Yl~fJl~QiJ.:j,htJfi1 CEC "J.:j vb i..rlfi~f11'i 

.,d.1 <6 ~ '" iii... '" ... ° ,.Iiili .... "iunruuneulJ'i:::~ C)f.:j l1J'U 'ff'U1.J 'ff'4'U 'I1'Vl'lf'ff1111Hl ~~C)f1.J1il~m'l11'i 'Vl'lf'U1 lJ 'if 'U f11 'i l'iJ 'i tyl~ 1.J ~~ 

" I ~ oCIld_1
~fltJ1.:j1llJ 'i::: 'ff'Yl1iill'Vl 

' 

4.7.2 tld111'11'U1Utl'U'i111'\1fl.:j~'U (bulk density (Db), glcm
3
,fi.lC)f1l.

3
) ~'U~'i1~Nl1.:j1J1fi 

'iJ:::ijfi1tld111'11'U1Utl 'U 'i 111'\1 fl~ ~'U~ 1Ull:::~'U ~ijtl~ 1J1 W'lffl.:j11.:j,j'e fJ 'iJ ~ ijfi1tl 1111 '11 'W 1Utl 'U 'i 111'\1 fl.:j 

~'U"J.:j 1~tJ~1' tlfi1tl1111'11'U1Utl'U'i111'\1fl.:j~'U 'iJ:::fl~tl'i:::1J1W 1.3 g/cm" ~.:j~~ '~111'111J1:::'ff1l~fl 
, . ~ 

ms1'Vl1:::tl ~fi ~ 'U Vi ijfi1tl 1111'11 'U 111tl 'U '\I fl.:j~'U ~ch U~~ ij'lffl.:jl1.:j1 ~ tJ'i1111J1fi ~'W tr'U ij fll'i~ 1tJ1'Yl 

, ,,Q .c::l I " , I ... ,,,.c::l I'" 
mf11ff 11~ 1Itl1111'i1'UCJlfJ ~ltJ~flf11'i'iffl'U 'lflm:::fi1'iU'Vl'im:::'iJ1tJ'\Ifl.:j'i1fi'Vl'lf 11~ U~mmtl1111 

'I1'W 1Utl 'U 'i 111'\1fl.:j~'U ijfi1"J~ ils :::1I1W 2.0 g/cm" ~'U lI:::Utl 'W Vil.J1J1fi 1~'U ~tl 'ff'i'itl i'U rnr'l'If'lffl'U 

'\Ifl.:j'i1fiVl'lfl~'Ufl~1~1I1fi (1Ifi111, 2544)• 
I .. .Jd iI ilJi.Jd 

tl 1 111 '11 'U 1U'U 'U 'i 111 '\Ifl.:j 11 'U 'iJ 1fi'Vl 'U 'Yllfi1:l ~ 'i '\Ifl.:jlfi1:1 ~ 'i fi 'i 1.J 1'U ~ 'W H~ 'U'Vl 'W 'Yl 

., i ild.. i I <6 "" i iI.1 "i ..d".1 ... i" ....
1'Vl1:::lJ~fi~111f11'i 'If'Yl11'U 'U'i:::1.J1.J~1.:jC') C)f~1I ms 'lflJ'i::: ~fJ'lf'U'Ylfl'UlJ~fi'Vl'lf 'Ul'lf.:j'Vl1W'lftJUl.Jl.J 

1~1I~'UU~:::fi1'itl~fiVl'lf~f1111.J1.J~tILrlfl.:j ~111'i:::1.J1.Jfi1'i icN~~'U illlPi''U J1 ill i'*'fffltJ lm:::lf'W~~11 

, ~ /Vl'if'Vl 1W'lf6 'Vll.Jl1 fi1tl1111'11'U1Utl'U 'i 111'\1fl.:j~'U i 'Ulf'U~lfi1:l~'ilf'U ~ih'~ U~:::~11' ~ /Vl'lf 
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I ~ ~3 

f111lJl1'UllL'U'U·.i1lJ'lJtJ~fl'U (g/cm ) 

'J~'l.J'l.J~ 1 nWU~n~'lf'';/~'lfNn tJlfftJlfl~'U Slope 12 - 35 % 1.58 

. ~ 

'J~'l.J'l.Jfi 2 nwu~n~'lf'';/~'I1Nn mfftJtll~'U Slope> 35 % 1.42 

'J~'l.J'l.J~ 3n1'Jil~n~ 'I1Nn~ n tJfltJl1~'U 11tJ'U~'U ~ uil~ IrJ'U uil n~dtJtJ 1.49 

Slope 12 - 35 % 

.c::i 4Q1.e::t dA'.d
'J~'l.J'l.J'Y1 4 m'J'lJ~n'Vi'l1Nn~ntJfl:U'lJ~m~lJ'Vi'U'Y1 Slope 12 - 35 % 1.60 

ih~'UJl 1.26 

1.34 

1.57 

2 

1.5r e 
'.J.....� 
'-' 1�.c
~ 

.... 
le 
C 
~ 0.5... 
.:.: 
-:: 
~ 0 

1 2 

, ~ ~3 ~ d 9J 'JJ.l 
cfll'rt 16 fl111J11'\.J1U'\.J'\.J'.i11J~tJ.:j~'\.J (g/cm ) ~tJ.:j~'\.J'VHfl'l:l~·H,),:i'lJ1'\.Jfl'\.J~Nfll1J 

rm1oM'~~'\.J 1'\.J '.i~'lJ'lJ~1.:j" 

0:$ IIJ'" 'I "d.. 'I d I , 

'il1fl.fll~ 16 'il~m'\.J Im1 seuurru t')f'Vl~'\.J ruseuun 4 'il~mfl111J11'\.J1U'\.J'\.J~tJ.:j 

~'\.Jff .:j~ff~ ~.:jijfi1fl111J11'\.J 1Utl'\.J'.i11J~tJ.:j~'\.Jt'vhn'lJ 1.60 fli'1J~tJ"fl'lJlffnL9f'\.J 9it1Jfl'.i LL~ hjijfl111J
~ 0' ~ 

Uflfl~l.:jn'\.J n'lJ'.i~'lJ'lJ~ 1,3 tt"~.,r11 'l~ /Vl'lf~lW'l16 ~.:jijfi1fl111J11 uiutl '\.J '.i 11J~ tJ.:j~'\.Jt'vhn'lJ 1.58, 

QI , rI.Q d 9J lI)' l!I .Q rI dl "" 
1.49 tt,,~ 1.57 fl'.i1JfltJ~fl'lJ1ffm9f'\.JflL1Jfl'.i tt,,~'.i~'lJ'lJ'Vl 1,3 tt"~~11 1'.i/~')f~lW')ftJ fl 1J1Jfldl1J 

'QlQ,I d. .d.csl r .e:t. IQ,I QlI rI cto 

ttflflfl1.:jfl'\.Jfl'lJ'.i~'lJ'lJ'Vl 2 9f.:j1Jmfldl1J11'\.J1H'\.J'\.J'.i11J~tJ.:j~'\.Jt'Vl1fl'lJ 1.42 fl'.i 1JfltJ~fl'lJlffm9f'\.Jflt1Jfl'.i 
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. ~ 

l'lf'Ul~tJ'Jti\lfi1J~~1J1JYi 2, 3 H~~ih'~'rI'vtJ~hjijtl'J1lJU~n~Hti''U u~~ih~'U'l1l 'O~ijfl1tl'J1lJ 
• .Q~d .Jldl I .Q 1Q1 QlI cI Q 

'I1'U1U'U'U'\JV~~'U~1'YI~~ t)f~lJmtl'J1lJ'I1'U1U'U'U~'JlJ'\JV~~'Ul'Yl1n1J 1.26 mlJ~V~n1Jlf'l'mt)f'U~llJ~~ 

II~iliijtl'J1lJU~n~1~ti''Uti'1J~~1J1J~ 2 uneih'~'rI'VtJ 
~ . . 

'0 1mm nnffm:l1'O~lit'U i~11 W'UYi~'U ih i~ijtl'J1lJ'I1 'U 111lJ 'U ~ 'JlJ'\J V~~'U ~chn11 
tid 4Q tid .tI.d do Q dQl QIQI 

'Vl'U 'YIm~ ln1:l~~ llJV'Vl '0 1~W.1'Vl'U 'YIln1:l m'Vl1J'J1 'Vl 'U 'YIlf11:1~ ~lJ m ~ emtJ~ 'J'\J V~ V'U 'YI ~ tJ'J~ QU ~~ 'Jff~ 

,j1~"l ~'JlJi~m~~~m~''Um~I'Vl1~tJ~nw'I1,'Ulf'U~ 1'li'U ms if:l'Vl~'J'U~lJ1mn'Utl'J1lJ~11~'Ums 
I I II • 

1'l1~tJ1J~l11 tJMW'lf 'I1~vm~ 1~·mWV1~~ tJlJW'UYi 111'-Hm~ ff~'rI'lJfl'U'YI~tJ1~Q'I1~mf'l'1:It)f1nW'I1''U 

UtJM1'Vl1~tJ ~nij'l!vmJln l~V~'OlnijnntJ~nW'I1U1J1J~Vl~V~ 111'-Hij~~tJ~''Um~vrn~'U'I!VtJ 

tl'J1lJUlJ'U'I1'U 1'\J V~~'U ff~ ijH~111' -Hm~'lfv'U i 'If'\JUn1nW'lftJ1nii11Jln ~~u~n~l~ti'1Jlf'U~~'Uih.. 
i~ ~~ln~'Olnmn11Jf:llJlf'I'1:It)f1nW'lf '1J i~ U~~~~ i~I~'U~1'U'J'UlJ1m~'Uld~1'U1'U ijm~ tlUtJff~ltJ 

'\JU~lf'l'1:IW'I1,j H"l '0 1mY~111 ~~ ~ ~'U 'YI~ 6'lfii ~~N"l tl ~mtl ~1 ti''U 111' -H ln~ ms 'rI'~ fflJ tJ~lJ1w. 
... .. 01 .1.k ... , ""... .. I • "... .1 0"" 
U'U'YI~tJ'J~QlJ1n'\J'U t)f~lJ'rI''J'U'I1'JtJl'l1~'UlJtl'J1lJ'Vl~'UU~~'lfU~'JHt'U~'UlJ1n'\J'U 'YI1l'l1tl'J1:JJ 

'I1'U1UlJ'Un:JJ'\Ju~~'U~ch 

H'U 'J'Yl1~nntJi'1JtJ ~ ~~'Ul ~utlu~ti''U ili'-H~'Uijtl'J1:JJ'I1'U1UlJ'U~ ~ ~~ii H~~Um~ 

l'O~~I~1J'\JU~W'lf 1~tJnnl~:JJtJ~:JJ1W.fl'U'YI~tJ1~Q 1'lf'U ~tJtlUn ~tJ'I111n 'I1~Vnnif:ln~1JW'I1~tJff~ 
.k , .101.1 ... '\' v ..." ".. .1 0"" :
t)f~'I1'JtJlJ~1JlJ~ ~fJw..fll'Vl'\JU~~'UU~~ ltlH ff~l~'\JU{l~'U t'l1~'\J'U 'YI1l'I1mn~1JltJ'U1U~~mmf'l''\Ju~ 

..... .1 ... '"'''''J''''' ":"J"".1
~'U~'\J'U ~~1J1J~ln'Vl'l1'r1'llJ1~f:lUHm~'OltJl'U~'U l~VtJ1~m1~'\J'J1~U~~tl'J1lJff1lJ1~f:l~:JJ'U1l~~'\J'U 

,: Q tid cI 1 Q lC:S QI QI fI 
4.7.3 tl'J1:JJ'I1'U'\JU~fl'U (soil moisture, ltJV~It)f'U~) tl'J1:JJ'I1'U''U~'UlJtl'J1:JJ'rI':JJ'Vl'U1i 

ti'1Jfl'U'YI~tJ1~Q''U~'U~um~ln~m~1J'J'Um~tlutJ'rI'~lmf'l'1:IW'I1'\Jv~~~'U 'YI~ 6~'U ff1l'11~~111'-Htl'J1:JJ 
., ., t ., 

c;1'U''U ~'U ~fl ~~, 'Uw'UYinnlf11:1~ ~ln~ 'Olnmn1Jn'J'Uw'U~'U'lj utJ I'Ii'U ms i f:l'Vl ~'J'U iliijm~tl~:JJ 

~'U ijW'I1'Vl~~w.~1:JJlin:JJ'lf1~tJntl~:JJ~'U'I!utJ:JJ1m~'U~'U (tlW.1'01~6.flltl1'lf1tJ~fj1'Y1tJ1, 2544) 
~ ~ 

~ ~~1Jtl'J1:JJc;1'U'\JU~~'Uilii~ijH~~Um~I'O~Wl~1J1~'\Ju~w'I11~tJ~~~ U~m~'\J1~'l11 . u 
,~ 

U~~~ ~~1Jtl'J1:JJ ~~:JJ ff:JJ\!~ W~ 1'O~ ff~H~~Vm~ I'O~~l~ 1J1~'\Jtl~W'I1 lijtl~~~1Jtl'J1:JJ~'U'Vlm'l1lJ1~ 

li1~m'l1nW'lf 1'lf'U i'U 1~~11l'U 1:JJ~1J~,r:JJ U~~ 11J':iU'U1I~1~'UtJ':i~ 1tJ'lf'l1,juw'I1i,;'~ m~'\J1flUtl~'U 

1:JJ~1J~,rlJll~~ 11J':i tl 'U 11mn~~ 'U lrltllnfl.fll'J~ll~~ tl'J1:JJ'rI'11J1~ f:l~fln'U Ii 1~ m'l1 n~ 1~"l '\Ju~W'I1.. . 
.1 '01 01 .:"...... ... "".1 '\' 0' t1 "J"" 
'\J'Uu~n1J~~~1Jtl'J1:JJ'I1'Ul'U~'U 'Vl'l1'O~~~n'Ull~~l'l1lJ~~ ltJ'I1'U'Oln~tJ l~'UUtJ 'UUn'Olntl'J1:JJ~ 

1 d~ ,.. rI .q J IQ,I QI v Q Q do QI .Q

tl'J1:JJ'I1'U'YIllJ'UtJ~~W'l1'U'\Jtl~~'U'O~'\J'Utl~n1J~n1:lw.~'\JtHIns~'rI'~1~ tJ~ lJ1w.tl'U'YI~tJ'J~Q' 'U~'U ll~~ 
., I" ., I I II 

...... '\' 01 "J.I'" .... 1 .. ... .. ~ .1 '\' 0'.. "......
l'Utlfl'U lfl tJ'YI'J iuaurutllJ1'Un~1~'O~:JJtl'J1:JJ ~tl'J1:JJ'I1'U 'YIllJ'UlJ~~ ltJ'lf'U lJ1n'YI~~ ~l:JJ~'JtJ~'Ul'U u 

., ., I , I 

~~IVtJ~ 1l~~~'U1'I1tl'l1tJ11J 'O~ijm1:JJ~m1:JJ~'UYil~'UtJ~~ 1tJ'lf'l19hYi~fl (ff:JJ'I11tJ, 2535) 1~tJtJn~w'I1'O~ij 
~ ~ 

m1:JJi'J~unn'\J1~U1u~n~1~ti'U~1:JJmtJW'lf ~lW'I1'\J1~'l11''U'lf'J~~~tJ~m~I'O~Wl~1J 1~'O~ijH~111
• u 
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911:!:1 ,1:!:I.Clt, 'Q,/ Y i I .e:::t. QI r;/ 0 i'JI "" 
i 'I1'V'l'iHlfi'lJ'U lfi'lJ fl,HY1'Ut'H 'U flfi'\.HHJN"ll'fil 'il'U tI1'lJ lfi 'U"ll'l-:J~~tI~1'il~ \lJ'V'l'U ~ 'il~'Yl1 'Hf'HH-HllPl {lfi{l-:J 

1'V'l~ l~ii~{l~ fllflff~~ 'il~I~'U fiflfl ";1 i,rfl1~91fi~{l '1J~'I!fl '~~{ll~fl fl1~ ff-:J 1m 1~..1fll'11 n~I~1J 

ff~ff:JJH'il~f)fl~-:J:JJ1 i~ ~-:J";1 i,r~{l~~lPllfitl~l:JJ{lfi{l-:J~lt1 (11~tI~, 2546).. 
'JI 'JI I 'j/ I 

..:S 1 t .a .Clt, i .a d 4 dil IIJ 'JI 'JI 
'illfl~{lfl1~fffl'l:l1'V'l1Jl1 'V'l1Jl1 ml:JJ"ll''U'lJfl-:Jfi'U 'U'V'l'U'Vllfl'l:llPl~ 'V'l'U'Vl 1 1:JJ 1l{l~'lJl1 

'~/'V'llW'MV IPllm~u1Jfl1~i~~~'U ii~1f111:JJ~'U'lJfl-:J~'UlPll:JJlPll~N 46 ~-:Jf)fl'~':hi'U~'U~lfl'l:llPl~ii 
f111:JJ~'U~1 1fi tltJfl9111tl'1f111:JJ~'U i 'U ~'U ~t'H :JJ1~ff:JJllfh'iJ"ll'J'U fl~i '\.J~ ~'I111-:J 25-30 ItJfl{I~'\.J191' 1I1 

~, .10'0$ 0'4 :i'JIo$.k , "" "",. 4 IIJ'JI I

IPllfl11 25 IlJfl~IC)f'U1Pl 'V'l"ll'fll'il'il~llfffi-:Jfllfl1~'lJlfi'Ul 'I1l'l1'U C)f-:J~{lfiflfl1~I'il~\lJIIPl1J IIPl'lJfl-:J'V'l"ll' lfilllPl 

9J .a ..e:t. , ....1 r;/ Q 0' I d I .a I QI 9J 9J" tI1f111:JJ"ll''U''J-:J murm 30 IlJfl~IC)f'\.J1Pl tlfl:JJ:JJ~{lm~'Vl1JlPlm~1J1J~lfl'V'l"ll' 1'M'U fl1~'Vl~-:JlPll'lJfl-:JIPl'U 1Pl'U 

4 'JI IIJ 'JI , I ='1 'JI 
'V'l'Mfll'il{l:JJ lfi-:Jlt1 ~lfll'U1 IlJ'UIPl'U 

1~'U'U~ 1 m1tl~nVl'lf'1'i/Vl'lf~n ~JlffVli'lN'U Slope 12 - 35 % 14 . . 
1~'U'U.yj 2 nutl~nVl'lf'1'i/Vl'lf~n ~JlffVU1N'U Slope> 35 % 21 

1~'U'U~ 3nutl~nVl'lf~n~~~'l"h"~'U11V'U~'U~ Uti~lrJ'UUtlMV~V 21 

Slope 12 - 35 % 

1~'U'U~ 4 mnJ~nVl'lf~n~~~'liJtl~m~1J~'U~ Slope 12 - 35 % 18 
•

,.h9i'UUl 30 

"hl~n~v 29 

.fj'11i 'i/Vl 'If'Vlltii'lf6 16 
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40� 

30 
.-, 
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~- 20 
til 

'0 e-'0 10 
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1 2 

.._--- ..--------.._--_ _._._-_.__.__..- _ __.._----_.-_.._--_ _--..__ _ _-_._ ­

.: Q .. c:I.. .: d iI iI.l " ild Q " 
.fIlOW 17� m11J'lf'U'\ItI~~'U (nJtI'HC)j'U~) '\ItI~'W'U'YlItl'l:l~m'ilJl'U~'UH~~11Jf11'i ~ 'll''Yl~'U ~ ureuu 

~1~'1 

U~flm~fl'Ufltl'i~tltliJ11'lfffmJC)j~1Jmtl111J'lf'U!mfltl30 U~~ 29 nJtI'i!C)j'U~ m1J~l~tl U~~'Yl~ 

~ ~ . 
\l1flfll'W 17 \I~!~'U '~11 iJ1~.'Ut1l\ldhl'n1J;;'U'\ItI~~'U~ ~~"1~U~'llijtl111J 

I QI QI I iI .did' ~ IQI tid tI 001 ~ 

....'1 iI: ....'1 GI iI J I ci v "l'.4 tId I� Q 

'i~tltllJ1~'U'U1U~~lJ1 ~'lffftlfJ\I~1Jmm11J'lf'U~~fld1'i~tltl'Yl 1,2, 3, 4U~~ '\111 ~'im'lf'W1W'll'fJ 

4Q g) dllJiI'~ci iJ "l14 Qa'd. ~ 
!1JtI'W\l1'iW1U~1\1~m'U~~11 WU'Yl!fl'l:l~'iU~~'\I11~'i/'W'll''W1W'll'fJ 1Jtl111J'll''U'\ItI~ 

~'Uittimd tI~ \11 flfl1 'i 1J ~ fl~'ll'U tltll'i tI!dtl~ 't111If'~'ll''W'i 'iW ~ 1J fltl 'J1J ~ 'U 1'UU1J ~~! 'W1 ~1J ~ flij ~1'U 1'U 

IiI.4 QQ't 0lil Q QQ .1.4 Q.l-s 
'UtlfJ !1JtlUff~U~~fftl~m~ 'Yl'lIH1~'U ~~fJ~Hm '1'U,JWl13J1Jtl'UH1~'U~ ~'\I'U !1Jtlt,JWl13J1J~~'\I'U \I~ 

"� ". I

!n~f11n~! mJVll1If'tl 111J;;'U'\ItI~~'U~ ~~~ 1'Uri1'U'\ItI~~'U ~iJ 1'~ djtl~ \l1flij fffll'W! ~'U iJ1~tl! '\11 

'W'i'iW,~~ ff1tiW '~uti '~titl !rl~1 1u '~l1ri'U ~tlfl1Jtl ~1J ~h~'U!~'U ~ 1'U1'U1Jlfl\l~'t11l If'~'U 1 'U u� • 

Q t c:I.... .: l/) ill/) ill c:I...., Q " .: d -:I! ~ c:I
u 'i nw'U'Uff11Jl'i fitnunn tl 111J'lf'U ~ 1 ~~ 'U rns !fltl~ 1t1fJH~'U ~ 'U'W 'U'Yll'ffl'l:ll!lJ'U rm inu1 'U 

"" " " 'lf1~n~l'tY'U'1 !'t1TU'U tI1"\I~'I.h~il~tl111J;;'U l'U~'U ,~U' tlfJ 

4.7.4 m11J!~'Um~-fh~'\ItI~~'U(soil reaction, pH) fll'if1fl'l:l1~ltl111J!~'Um~-.� ~ 

~1~'\ItI~~'U\l1flf11'i1-N~~'U'i~tltl~1~'1 iJ1~'Ut11 iJ11'lffftlfJ U~~,j'11'~/~'ll''W1tU'lf6 'Wtl11 ~1 pH 

'\ItI~~'U~~~1'i1~47 
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7~'I.J'I.J~ I nwt.J~nyj')j'l';/yj')j'Hn 'r.J1fffJJ1~'U Slope 12 - 35 % 5.46 . ~ 

7~'I.J'l.Jfi 2 mnJ~nyj')j'l';/yj')j'Hn 'r.J1fffJU1~'U Slope> 35 % 5.73� 

7~'I.J'I.J~ 3 m7'1.l~nyj')j'Hn~ntJ~i1mJ'UL1fJ'U~'U~ uti~L~'Uu'l.ln~fitJfJ 5.68� 

Slope 12 - 35 %� 
.d oI!!IGJ.et dlci

7~'I.J'I.J'Y1 4 m7'1.l~n'Yi')j'Hn~ntJ~:U'l.l~mmJ'Yi'U'Y1 Slope 12 - 35 % 5.16� 

{h~'UJl 5.42� 

{h1~fftJtJ 5.56� 

~111';/yj')j''Yilti'l'll'6 5.68� 

6 

4 

2 

o 
1 2 4 

QlIJ~' '1'"";,,,,'1 .,; ~ lIJ'''I """'.'1
\llnm'Vl 18 \l~rl1'U t~11 reuums L'lfY1~'U L'U'j~UU'Y1 2, 3, '\111 t'j/'Vl'lf'Vl1W'Jj'[J, lJ1 

GlY d I 'j/ : d ..t:k.ell ~ I I Q.I 

L'Jj'fftW, 'j~UU'Y1 1, tlWl'U'U1 Uf1~'j~UU'Y1 4 C)f,nJfI1f111lJL1J'Um~-~1~ t'Y11nU 5.73,5.68,5.68, 

5.56,5.46, 5.42 Uf1~ 5.16 

" I 'JI , " I
I ll!f, .d. ll!I d Q ....'1 "l 'j/ ll!I d 'j/ Q do 

\lln~f1m'j'Y1~f1tl~'VlU11 'Vl'U'Y1nntn'lHl'j'Vl'U'Y1~'UlJ1 tlJ Uf1~'Vl'U'Y1tlHtl.:) u 

'ilmIW~f111lJ!~'Um~-~1':)'\Itl':)~'U tl~t'U'j~~U!~'Um~~~~.:)m~lh'Unf11':) \lln\Oll'j1.:)m'j1J'j~tiJ'U 
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j/ , .' I I 

"lfl'H)ih~ (2534; 2542) 'Vl'l.J11 .yj'Ufinl'Hn'l:l"'jfiihn'j1oNfi~'Ul'Vl1~tJ~n.yj"l1 'j~'IJ'lJfi 4 i1fll pH 

, QI d ,~ I 4 4 d '" I A!l d ~ d t ~I 
~'VI1n'IJ 5.16 ~fl1fl1nJ1lJ'U m~mnn11'j ~'IJ'lJfl'U '1 l'Ufl'lmnums 1'Vl1~lJ~n'Vl"l1~"~'Vl'U'VIm1fl~n~lJ 

i1mn~'n~'U'l!mJmn i1m'j ~~m'j ~l,rmr'U 1~m~'Vl1~fl~1'1~'Im'j1ri~mfli1 'il1nnUl'Vl1~tJ~n.yj"l1 

l'lf'Ul~ en n'IJ ff~'lf1 eJ (u. il.il.) 1 ~ fl i'IJ 1 eJ11 n U 1 ri~ eJ 1'U1" 'j 1'il'U 1 'U~ il un u 1~ ~ ijeJ't'Jn"l1iJ~ 

(lIfl~ 1~lijeJ~i~1~" 11fl~ 1~lijeJ~fl~fl 1 'j~ ueu1~lijeJ~~flffl~fl 'IJ ~'IJ) IrlflflQ1'U~'U~fffl1'Vlm'j 
I "11) ~ ~ ..ok '" + ~ 11) 'JI .t1 '" d'" 'I 'JI .. + 

mm'VIfl1mff 'il~QnflflnC)f ~~ffllJ'U N03 C)f'l'il~~ H IlJ'UH~'Vl~fleJ ~~ ~eJ~I'jeJn~H~ ~'I1In~ H 
, ~ 

1'lf'UI~eJ1n'IJ~ eueu1~lij eJ 1'Vl 'j 1~ lijfl~ eJ~l~ eJfl~l 'U ~'U 'ildhtJ ilfi~ eJ1nm1 11 ~11fl~ 1~lijeJ~ ~'I 
~ 

ff~m'j (NH2)2CO + Hp -----> 2NH3 + CO2~'Il!'U m'j1oN~tI1'U 1"'jl'il'U1'U~tJllfl~ 1~lijeJ't'Jn'lfiJ~ 
t.t1 '" '" 0 'JI" ~ .,: ,J CI "'.t1 ,.1 , ~ .t1 d", 'JI ~ 

'j 1~'VI'I ~ eJ~1 'j eJ ~ H~ 'VI 11 '11 ~'UllJ'U m ~H'Vl~ "l'U 'il 'II'j en~ eJ1'11 ~ 1'U11 IlJ'U ~ eJ'VI ~ H~" nfl1'1 IlJ'Uns ~ 

11~~fffl~fl~fl'ln'IJ ~n~l (2544) 1~fli'l.J1eJ11 m'j1ri~mfli1~~~fln'UI~'Uldm'U1'U1'lf'U m'j1ri~eJ 

1'U1" 'j l'il'U1'U~ tJ 11 nu 1 'Ulij eJ~ 'il ~Ifi~m ~'IJ 1'U rns 1 'U,,~YJlfloi'U 1 ~eJ 1 ~ 1~'j I'il'U 1 fl aeu 'il~Qn 

tJ~~tJftueJuunm'il1nm ~'IJ1'Unu IItJ'j ItJ~eJ'U ~tJ"lU'I1i19.11 'U 1,,'j 1'il'U1 'U~mfli1u~~m~'IJ1'Unu 

ffmeJ~1"lU'IV'U'VI~ eJ1mJ 'il~lfi~m~v'U'VI~ 6'11~leJ'lfiJ~~i1ri1'UriU 1~~'UI~'Um~ 1~ 

fl11~lil'U m ~-~1'1 i1H~~um'j 1'il~t;\H~'IJ 1""lu'I.yj'lfl'th~fl1'j ~'I~l~'Ul~'U m~~~.. 
o 'I 'JI '" '" CI 11) 'JI1I) ' ''' 0 11) .1'1 'JI1I) 'JI I CI •• 1 ••1 'I 'JI' d 

'il~m ~'I11i19.1m'l11'j'Vl"l1'1.J1'1"1Qn"H n ~~'Vl"l1'U1 ru ~'lf ~~ 1"I1'U m'j"Hl1Uffll1" mU~"lU'Im~nll~~ 

.. '" .ok ,''' 11) 'I 'JI 'i ~ 'I ",d ~ 4" .t10 I

U~~'U~~flffl~" C)f'leJ1nUn'Vl"l1'U1 hl ~"I1tJ'j~ ~eJ"I1'U ~'Umw'VI pH mrrn 5.0 l~m"~~eJ~uffl~"~'I 

1 tJ1 'U~'U ~1~'Um ~ ri1'U 1'I1~"lU'I~ eJ~l ri'il~'ti1tJilfi~ eJ1n'IJm ~f1Il~~U~ijl!~liYeJ'I1~~ ~'Iff1~lHI 
'" .: d .111) 'JI'i" 'i 'i 11) ~ 'I 'JI , ,J 'I 'JI ''I '" .ok
'il~m'j'Vl'U'VIII'IJ'IJ'U ~~ ~~eJm'jI"~~'U'\J11 ~'U ~~ ~~ ~~~ ~'I1fl1 pH "!'I"l'U ~'I1U~ ~'U'j~~'IJ 6.0-7.0 C)f'l . 
~ QlQ , Q Q 4lrJild 

IlJ'U'j ~ ~'IJ 'VIm ~1~ ff~" ems 1'il'jtyl"'IJ"lU'I'Vl"l1 &~~ 

• I" .. '" '" 'I .. • I ~ d ~.. '" '" 'I
4.7.5 lJ'j~lWU'U'VIH'1"Q~'U~'U (soil organic matter, IlJU'jIC)f'U") fl'U'VI'jeJ1"Q ~'U 

Q lrJ9I , QI .a QI ~~ QI , tI QI ""1",1 ~ tI 
~'U &~'il1nm'jeJUeJff~leJ"1"lU'IC)f1n'Vl"l1 C)f1nff"1 ff'I"l'IJmeJ"lU'I~'4'l:leJ11~~ ff"1 ~ lJ 'il'UfN1C)fm'l'\JU'I ~ 

I I j/ 1 

ii'U'VI~ 6fi"leJ11~1 ~'U'VI~ eJ1"QlijU~UeJff~leJ~U 1 tJ;]'U ~~-n1eJ'il~ 1~~1~ff (humus) I~'U ffUl1lffOeJ'j 
~ . 

i1Vl'Ufi~h~~ ~ff,,!'1 ~'U'VI~ eJ1"Q1 'U~'Ui1 ~'VIi'Vl~~ Uff~,j~'VI1'1meJfI1'Vl lfli1 11~~'lf1f11'Vl"lU'I~'U 

nft11f1U ~'U'VI~ eJ1"Q'lf1eJri'llff~~1~U'4f11fl"lu'I~'U~mi1n'UI~'Uti'u'U(aggregation) vh1~~'Ui1 
,. 9J did 'lqil :d d
~flHff'j 1'1~U~~'j1'U 91eJ umrnsmem ~~ff~mn mn~'I.J1eJ'U1~ ff1mHlfl1'IJfJ~m'jItJ~eJ'UlltJ ~'I 

I ~ • 

t,jW 'I11Jij~'U 1~U~1'1,r 'IJ'Vl "''U 'il1nnufi~'U'VI~ eJ1"Qi1Vl'U fi ~1~1'U 1'Umn~'I ff1~U m~'IJfl11~fU'U 

11) 'JI'" '" '" 11) 'JI 11) ''I 'JI '" I '" .. 11).1 ' 'I 'JI" '" 
'\JU'Illff'lIl~~ nn'IJ"1~'U ~~~ln UJ ~'I1m~'VI'lJn'j~I'VlU'U"U'j1n'Vl'lfmf1ln'U ~lJ "I11eJ ~'I1~'U~ . .�~ 

'" '" 11) 'JI '" '" '" "'.. 'JI '" '" "'.1 1I) •• 1_l!l
fl11~ff1~ Utl~~C)f'IJ1i 19.1 m'l11'j'Vl'lf ~~"! 'I l'UU'I'il1n~'Vl'U 'VI H1'11'U 1ff~Hffmf1l1 ~~ ~lJ 'j~ ~ &l1n1~'IJ 

~ I 'I I CI '" '" • I 11) 'JI1I) 'JI '" d '" I '" 'I
IlJ'Uff1'U ~'I1ty 'il'l~fl1111ffl~Utl~~C)f'IJlJ'j~~'IJ1n n ~~1I1n'l1'jU'VII'jeJn11~fl1111ff1m'jtl ~'Unu 

11~ntJ'j~~'IJ1n (CEC) 'lf1eJ1~~fl11~~1'Um'Unu ltJ~eJ'UUtJ ~'Ifl11~1~'Um ~-~l'1'\JU'I~'U (buffer 
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C> "" '" i C> ""_I c:lt "" i w lIJ lIJi' "'i "" capacity) V'W'Yl'HJ1~Q 'W~'WlJlJ'j~~llJ'l.H'lJll'l~lJfll1lJff1lJl'H) 'WfIlHJ~C)flJ ~VVV'WlJlfl ~~"I'HI'llJ 

~,m.yh ilf~'W ~ ii~'W n~ trl~ Q"I'Iiifll1lJ~1'W 'Yll'W9iVflll1'lJ~lJ'Wll'lJ 'l'l'UV'I pH 1~~ II'l~l ~'W fIl 'j l~lJ 

Ul1~'1li W.lmm'j'Uv'I~~'W'Yl~ 6~'W iiv 1~'h~'WIIl1~'1V1l111uneu'H ~'1'VHr'l'l1'W~ff1tiqJ'UV'I ~~'W'Yl~ 6 

1~m~ 'V'll~'Vnfl Heterotrophy 1~'W ~~'W 'Yl~ 6'lJ'j~lfl'Yl ~ii'lJ~lJltu"I'1~ 't!~ i 'W~'W ~'1ii ~'lVi 1'lIf'lJ~lJltu 
C> c: .1 .. '" '" i' w _ I'" i C>ll'l~ fl '\I m 'j lJl'V'llJ u1fl'U 'W ~ ~ m~ 'V'l1~ m ~lJl'W rm rufllJl'UV'I nu fIl 'j ru'llJ'Wll'lJ'l'lli l~V 1l11'j 'W ~'W 

I::l 1 Q .csd'o fj)Q Q.cso' Q Q lI:!t 0 ""l" 
ms !'\I'jtlJ'UV'II'lfV'\I'l'W'Yl'j lJ'Yl1 i l1lfl~m~v'W'Yl'j lJl1mlJ'If'W~ lJW')j''W~'V'l'lfff1lJl'j nu11'lJi 'If ~~ 1~lJ~H

" . 
1l'l~1J1'1'1fil~ii~'l9iVfIl'j'lJ'l~'lJ~VlJU'l~l'lJ~lJ'WU'lJ'l'lli l~V 1l111~1 ~'W ils ~ 1lJ'lfu9i vtJ'If (nslJ~\liJ'W 1• 

I I 'JJ 'JI • I 

Yi~'W, 2545) 1~lJ't111'lJ~'W.g'WlJ'W'UV'ItJ'WYiYiVi1f1l·Hfl~~'j'\l~ii'lJ~lJltu~'W'Yl~lJl~QV~'j~111N1 - 5 

_I o'd 0' ruV'j IC)f'W ~ 

mnrml~milV~N~'W1'lJl1fl'j 1~11111'lJ~lJ1tu ~'W 'Yl~ lJl~fl i 'W ~'W ~ llJfl~ lJ~l11 'Yl'W 

w i 9/.dQ i I I Y : I i fj) v "l I .a Q 0'
lfl~mm ~llJ'lfl~tu~'j~lJlJfIl'j 'If'Yl~'W 'W'j~lJlJ~N"l ih~'W'W1 ih 'lfffVlJ 1l'l~'U11 ~'j/'V'l'lf'V'lltu'lflJ 

'V'llJl1 ii'lJ~lJltu ~'W 'Yl~ lJl~fl i 'W~'W~'1~1l 1'1 48• 

7::UU~ I m7'l.l~nYl'l11'i/'vh~n eJ1tYfJ1f1N'lJ Slope 12 - 35 % 3.28 . . 
7::UUYi 2 n17'l.l\]nYl'l11'i/Yl'l1Nn eJ1tYV'\.l1N'lJ Slope> 35 % 4.43 

7::U'I..l~ 3 m7'l.l\]nYl'l1~n~lleJ~iJl11J'lJliv'lJ~'lJ~ llti.:j~~'lJIl'l.lMVeJV 4.67 

Slope 12 - 35 % 

7::UU~ 4 fm'l.l\]m1'11~n~lleJ~iJ'l.l\]fH~)J~'lJ~ Slope 12 - 35 % 3.60 
•

{h~'lJU1 5.84 

{hHneJv 6.99 
t' ~ I 4 oQ 0'

'1111 17/'Vi'l1'Vi1W'IW 3.55 
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'il1tlfll~ 19 'il~llf'U'~i1 illt~'tHm 'il~ijtJ~mtu~'U'Vl~fJ1~tr~'1~'tl~l'vhn1J 6.99 

.1 <1'<1 <1' , 31 : dI .. , ,... .1 <1'<1 <1' .... I ,... .1 <1'<1 <1'
IUfl'HClf'U~ 'jfl'l~'1mill~'U'U1 Clf'l1Jflll'Vl1tl1J 5.84 lufl'jIClf'U~ 'j~1J1J'Vl 3 unumnu 4.67 lufl'jIClf'U~ 

.d .c11Q1 ... 1 ~Q tI .d d.IQI ....1 tid 0'3/ lrJl.t::!:t ~~d.IQ1 
'j~1J1J'Vl 2 1J1'Vlltl1J 4.43 lufl'jIClf'U~ 'j~1J1J'Vl 41J1'Vl1tl1J 3.60 lufl'jIClf'U~ '1/11 ,'j/~'lfmtu'lffJ 1J1'Vlltl1J 

• I <1' <I <1' .. .. I ... • I <1' d <1' , 11). I I 31 
3.55IumIClf'U~ 1l~~'j~1J1J'Vl11J1'Vl1tl1J 3.28IumIClf'U~ ('illtlfllmtl ,ulflfll'UflfJ"l~) 

• JJ " 1 'JJ,
.c9 GJ jld~ lit t.::!:l d,d, ... IQI .... Id .::!:I .:s~ 

'il1tl~~tll'jfftl'l:l1'j ~1J1J nn ~ 'If'Vl~'U ~ 'U'j~1J1J~1'1'l ~'U nnu 'j1J Iu ~fJ'U 'il1tl~'U 'Vl~'U 

" • 'JJ I I 

illi~mln'UYl'UYi tll 'j ltl'l:l~ 'j 'il~llf'U ';hijtJ~mtu ~'U'Vl~ fJ1~Q t 'U~'U ~~ ~'1 1~ fJ~1J 11Yl'UYiltl'l:l~'jYiij 
GI 9/.c:i ~ .c:!t d jJ "J'.t::!:t ~ II do ~ ~ .c:s GIQI ~ 

rm ~ 'If'Vl~'U l~l~tJ~tl~'lf'j~1J1J'Vl 1, 4 ll~~ '1/11 ~ 'jm'lf~ltu 'lffJ 'il~1JtJ'jmtu fl'U'Vl'jfJl~tl ~ 'U~'U ~~~'1 
~ . 

I Q lrJ 91 QI .... Iq ~ .cS QI 1 d ~ I 1 d q , It) v c6 "QI
flfJ1'1l'11 'U ~~ 'lf~ u 'j 1J1tu fl'U'Vl 'j fJ1~tl 'l/fl'l~'U'Vltll'j ltl'l:lm 'il~~ltll1~'U 'Vl~'U ill '1J Clf'l fffl~f1~fl'l nu• " . 
f1tu1'il1'j6fllfl1'lf1tJi~1'VlfJ1 (2544) i~ll Yl'UYi~'Ut 'U1'l/~~'1'11~l1J'tl'il~ijtJ~mtu ~'U'Vl~ fJl~Q t 'U~'U 

" I • 

ff'l uinn11~'U t'U I'I/~il1 i~ 1l~~'U t 'UYl'UYitll'j ltl'l:l~ 'jYiij tll 'j l~ l~tJ ~ tlYl'lfln'Uld~l'U 1'U'il~ij 'j~~1J 
~ ~ 

~'U'Vl~ lJ1~Qfl~t 'U'j~~1J~1 l~ 'j1~tll'jtJB1J'~'11'U'Vll'l nn ltl'l:l~ 'j'l1~lfJfld1'1 'il~ij ~~~fltJ~mtulf1'1:lYl'lf 
.d GI q 1 It) 91.t::!:t 9J.cS QI " ~ .deS .s, QI 

n 'il~ff~ff1J ~ 'U~'U ~~ ~'1 m'iltl~ld '~f1fl'il~~fl'l1Jtln 'il~ tln~l'U ms ~~~'Vl~I~fl'il~'lfdfJfJm~~1J 

'JJ JJ, " , 

~'U'Vl~ fJ1~Q t 'U~'U t M~'1;j'U t 'UYl'UYitll'j ltl'l:l~'j ff~tJ'~tJ~mtu ~'U'Vl~ fJ1~Q t 'UYl'Uliltl'l:l~'jfl~t 'U 

'j~~1Jff'l~'1ff'lmtl ~'1'j~1J1J~ 3 tJ~mtu~'U'Vl~fJ1~tlff'lmtl ~'1~fl'l'j~1'1tlniji'U 1~'j,'il'U ff1'j'W'I:l
IV IV qqJ 

.. .1 ?I '" I ... 11)31
1~1J'I/'Ull~~fl1'il'il~ff -nnn'il'U 1'U'U~'I:l~fl~'lf ,~ 

~ 
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4.7.6 m1JUU permanganate ~xidized carbon (pOe, glkg-') fll'J'Ynl1~1I1w 

roc 1~'U1ifll'J'YIi1.:11urns11'J ~lihJ ~'U'Yli frj9lQfl~1J~ 1 1~t)fll'J 111~fJ'\.ml1 i:l.:l ~1fJ1ifll'J ffti~'Yl1.:l 
.c< i 1"� I ~ Q .cd d "gJ.d I 1 ""1 ..lf11J ~fJfll'J 'lfff1'Ji:l~i:l1fJ KMn04 (~l.:l'Yl1J'Yl1J) 'Yl1Jfl111Jl'\J1J'\J'U'YlU'U'U'Ut)'U 'Ufll'Jt)t)flCl1 ~Cl1 

.. .,j '.I.d !J/ !J/ .d "" .1 ~.. 1
f11'J 1Jnu 1'Wt) 'YI1fllrn 'Jiu i:l fJ'U 1111 i:l.:lfl 111J1'\J 1J '\J'U '\J t).:I KMnO4 'Yll fl~ '\J 'U pac l1J'U fIl'J 1Jnu 'U 

ms 11'J ~ nsu ~~lfJ~ erns 111~fJ'UUl1i:l.:l 11i:l:: i:l~ i:l1fJ~ 1 1~~lfJ1 'U ffl'J i:l~ rn fJ~hn11Jii1J mh1flt) 

Q d tI tI .d ~ _I i tI 1 4 .d1" I Q..c:S. Q,I i Q Q d tI
t)'U'Yl'J ems1Jsunruu lJ'J~ fJ'lf'U 91 t)'W'lf 'Yl ~ mnrm fJt)fJffi:l1fJt)'U 'Yl'J fJ191Q ~fJfl 'ilm 'J1J'\Jt).:I ~ nuns fJ 

1'U~'U 

'il1flfll'Jffm:I1'Y1111~1J1W Pennanganate Oxidized Carbon (PaC) 'il1fl~1t)V1.:l~'U 

, w !J/ !J/.l 1 s .d '" 1 !J/.d "" 1 ' 
mJ1J9I1U'Yl'Ulflfl m m '\J t).:IlJl'U 91'U ~N 'U'W'U 'Yll'W1~11 'J fl9l11Ji:lflfl W~ 'J~1J1Jfll'J 'If'Yl~'U 'U 'J~1J 1J9I1.:l'1 

-'I " : ..." 1" A .cd" Q 'Q 1 ~ .d .: d, 1!J/ !J/
lJ19l'U'U1lJ1 'lffft)fJ 11i:l~'W'U'Ylm.:lt).:I 'W1J1111'J1I1W roc 'U'W'U'Ylfll'Jlflfl9l'J 'W'U'Yl{J1 1J Ui:l~'\J11 

" , 
1 ~/'Vl'lf'W1W'lfrJ'YI~t)Vl'U.yjti'l.:l~.:I ijl1~1J1W pac ~.:I9I1'JH 49 

• I""� . . .: .d !J/!J/ .1 1 !J/
V11'n~ 49� lJ'J1I1W Pennanganate Oxidized Carbon '\Jt).:I'W'U'Yl1t1fl9l'JmlJl'U9I'U~N9I11Jfll'J 'If 

~~'U 1'U 'J::1J1J~l.:1'1 

POC(g/kg') 
,� 9 

'J~U1Jli 1 t1l'Jll~f1~'lfi~/~'IfFlf1 tJlfltllhN'U Slope 12 - 35 %� 2.96 
.� " 

'J~1J1Jli 2 t1l'Jll~f1~'Ifi~/~'IfFlf1 tllflfJ'ihN'U Slope> 35 %� 3.81 
.� " . 

'J::U1Jli 3 f11'Jll~f1~'If~f191i:ltJ~lih11J'Ui1fJ'U~'Uli uli.:lL~'U1Llli:l.:l~t)tJ Slope 12 - 35 % 4.21 
.d� .t:!CQ,I d dA',d

'J~1JUYI 4 f11'Jll~f1'Vl'lf~f191i:lt)~i111~f11911J'Vl'U'V1 Slope 12 - 35 %� 3.16 

ih~'UJ1	 4.66 

ihl~fftJfJ	 5.22 

3.14 
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6 

2 

o 

1 2 4 

~ ~I ':,d rjJ JjJ

fIl'Vt 20 'lJ'nJ1W Pennanganate Oxidized Carbon (g/kg ) '\Jfl~VfU'VItflll~~fl':i'lJ1'U~'UH~~l1J 

rns'l~~~'U' 'U ~~'IJ'IJ~h~'1 

'11flfll'W 20 '1~t~'UL~ll iJ1'1.~~flfJ '1~ii'llilJlW roc ~~~"1~H'¥hn'IJ 5.22 flf1J 
" .

IPlflfn~flf1J ~fl~~~1J1 ;{fl ihlPi''UlJ1 ii~l roc t'vhn'IJ 4.66 flf1JlPlflfn~flf1J ~~'IJ'lJfi 3 ii~lt'vhn'IJ 

4.21 flf1JlPlflfi1~fli'1J ~~'IJ'IJ~ 2 ii~l roc t'vhn'IJ 3.81 flf1JlPlflfn~flf1J ~~'IJ'IJ~ 4 ii~lt'vhn'IJ 3.16 

flf1JlPlflni~flf1J .fJ11Li/'W'I1'W1tU'lf6 ii~lt'¥hn'IJ 3.~4 flf1JlPlflni~flf1J n~~ii'llilJlW roc ~1~"1~ 

;{fl ~~'IJ'IJ~ 1 ii~ll'vhn'IJ 2.96 flf1JlPlflni~flf1J 
" , " ~ ... d"" .'111) i/... .1 d.I"" 

'11flH~fllH1fl1l1'W'U'VI~'Uu1L1J'VI~ 2 UU~~ 1Ju~1J1W Pennanganate Oxidized 
" , , 

Carbon (PaC) ~~fll1Vi'UVitflllm U~~,r11Li/Vi'lf'W1W'lf6 tUfl~'11fl'llilJlWfl'U'VI~ fJl~t.l '1.'U~'U'\Jfl~ 

~'U ~~'UiJ 1'~iilJlfl fll1 ~~tn~'11flflln1'IJ\l1J'lJfl~lffllVi'l1IPlH'1~ 11J~~f1111J~'U~LM1J1~~1JlPlfl 
" " .

fl':i~'IJ1'Ufll~ 'I1~fln '1fl':i ~ 1J'lJfl~ '1~'U'VI ~ 6'1.'U mr ~flfJ~~lfJ'IJ~Hfl'U 'VI~ fJl~\l '1. 'U~'U ~~t!'UVi'UVitflllm 
d I 0 I , QI' 

'1~1Jfl1 pac ~lm1flm~'I1~I'1'U 
'JI I I I 

.a .d GJjI..de:. ...I.a , .d lIJ l,d 

'W'U'VIfll~lflllmmm~'IJ'lJfll~L'I1'V1~'U1'W1~u~fl'W'If'Vt'IJ11 ~~'IJ'IJ'VI 3 11J1Jfl111J 
OJ 

'JI I I I , 

n~flIPl1~ '11 flVi'U Vi~'U iJ1 '~1J1flt!fl IUfl~ '11flfll ~, ~Vi~'U ~~'IJ'lJVi 3 t~'U fll~'llt1 flVi'lfHfli~fJiifln 
" , 

'I11J'Ut1fJ'UVi'UVi' 'U ~flllW~'\J fl~fll~ u,j~ tll'Uuilnnl~flVi'l1'\J'U l~t~fl'l1 ~ fl' 'U ~flll W~t ~'Uu'll~ ~tiflfJ 
• OJ 

.k , , jJ,d ~ J..d QI ':.d rjJ.d QI.e:. f .:k.d
Clf~ 'U rns 'I1'V1~'U ~ ~'IJ'IJ'U '1~1Jfll~ '1~fll~'W'U 'VI' 'I11Jfll~'Wfl~'U' 'U'lf1~~~fJ~td~1'11'U ~ Im~1Jfll~'ll~fl 

OJ 

4 .d QI IQI lIJ 4 d .e:. d d ,jJ':.d .d l1IrjJ, "II I

'W'I1'11~'U tdfJ'U ~~'IJfl1'IJt! nu &tl t1Jmm.JH~ H~~t ~~ '1 n'1~ 'If'W'U 'VI1'W 1~'ll t1fl' 'U ~1'U 'VIU 'IJ ~ 11~ fl &il 
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4Q 0 'I 'JJ Q .c:l '/4 'I 1 4 Q Q Q,I "I" J ~ Q,I Q

'iH'Yl11 'H ~1:1'\.J 'Yl'HJ1I 'j~fJ~rnn I'\.J O1'jfJVfJ1:1'1:11mfffl9f1fl'Vl'll'U1:1~V'\.J nsfJ1~Q lfi1l1fl'IJ'\.J 'j 111 'Yl.:l fJ.:I 11 

O1'j' t"lfl1:1 'IJtfffl V1'll'U 1:1 ~ fll'i' ri~ fJfl Vfl ~ fJ'H irfl mll.:l 1:1'~ 1t1:1'11 V l11' ..rtJ~1I1Wfil Pennanganate 

Oxidized Carbon (POC) '~U~flI9l1.:1tl'\.J 

~'\.J~tflfl~'j''\.J'j~'IJ'IJ~ 1 ,r11'~/V1'll''Vl1fii'll'6 U1:1~ 4 ijtJ~1I1W~1 POC ~l"lfi (2.96, 

3.14, 3.16 U1:1~ g/kg" ~111~1~'IJ) tdV.:I'il1flfll'j'~~~'\.J'j~'IJ'IJ~ 4 ijfll'jt'Vl1~tJ~flV1'lf''\.JftflflW~01'j 
II I II. J' 

tJ1:1.. nu'IJ'IJ t~1IV1'\.J fi ij fll 'j'~V1'U fi~1:1Vfi";.:Ii~ '~ij 'j ~fJ~' '\.J O1'j~fl ~'\.Jt1:1 fJ l11'..r01 'j ~tlfJ1:1'1:11fJ'lJtl.:l 

~'\.J'Yl~fJ1~Q''\.J~'\.J1:1fi1:1.:1 U1:1~'j~'IJ'IJ~ 1 ijftflflW~'lJV.:I01'jt'Vl1~tJ~flV1'lf'~ '~Uti 'HV1IUfi.:l U""1~111 . ~ 

~1fJV1'll'r:rfl '~uti fl~'H~ltJ~ r:rflfllfi'IJ11tJ~ U1:1~r:rfl1:1'ftfi t~'U~'U 1fifJmfffJ'lllN'\.J''\.Jfll'jt'Vl1~tJ~fl 

V1'll' ~.:I''\.Jfll'j'~~~'\.J'j~'IJ'IJ~ 1 1:1'1111'jm'Vl1~tJ~flV1'll"~ 1 - 2 flf.:ll9lvil tdV.:I'il1fl~'\.J~t'Vl1~tJ~flij 
"'I "" 'lI ..,j "" 'lI 'lI""II)'lI' o 'I'll 'lI"".!.x

'Vl 'll''Vl 'j 'j Wil fl fl1:111 fi '\.J 'U VfJ1I 1fl t1lVN'\.J ~ fl 'il ~ in fi01 'j'll'~ 1:11.:1 'H '\.J 1fi '\.J 1fi.:l1 fJ 'Yl1 I'H 'H'\.J 1fi 'U~'\.J 'IJ'\.J 
q 

'j111J.:I~flfl W~fll'j t~~ fJ1IutJ1:1.:1m1lfl1111mfit'Yl'IJtl.:l~'\.J~ l11'..rtflfifll'j'lf~""l.:1~.:I'YlmfJ'lJV.:I~'\.J'~ 
I .x .k 0' "" • I d"" II) 'lI "0 I 'I I... 0 'I 'lI 

.:I1fJ'IJ'\.J 9f.:lflW1'il1'jfJ.fllfl1'lf1lJ!'Vl1'YlfJ1 (2544) lfiflm111 fll'j'Yl101'jtflfl~'j1:1'1'\.J1'H~1Iflm I'H 

'j~~'IJ~'\.J'Yl~ fJ1~Q ''\.J~'\.J1:1fi1:1.:1 ~.:I'H1I1fJ~.:I mr'lri1:1'1'jv'\.J'Yl~6fl~'IJ1:1.:1' il'l '\.J~'\.JijtJ~1I1w,j'VfJfl';h 

fll'j~VfJ1:1'1:11fJ'lJV.:I1:1'l'i ~'\.J 'Yl~ 6~'I11VVfl' tJ'il1fl~'\.J ~.:Iij'H1:11fJll'ilifJ t<Jf'\.J fll'jtJriVfJ~'U~' ..r11.:1ttJri1 

fl1'j tl1 ifi1'll'V1'll' fl1'jil ~ flV1'll'~ ij fl1111'H'\.J1UtJ '\.J,j'tlfJfl11V1'll'1i 'j 'j1I'll'1 ~~ tflfJtJflfl 'J1I rm il ~flV1'll'~ ij 
, II II • 

'j1flV~,j'vmijtltfi fJ'lJtl'IJiJ 11i'j'j 11 'll'1 ~ ij ms 'lJ1tmtfffl9f1flV1'll''j 111";.:1 ~ 1:1 ~ ~~ Ven'il1flV1'U fi U1:1 ~ 01 'j 

~ 'lI "" .:' II) 'lI1 II) Id"'l 0 'I'll"""" .x 1 I Q d 
tlJfi'H'\.J1fi'\.J 'Yl.:l ld fifJ 1111I'Vl'll'tJflfl 'J1I 'Yl11'HfJW'Hfj1lfi'\.J 'Q;.:I'IJ'\.J fim 'il 'Vl1~ VfJ1.:1fJ.:I'j ~ 'IJ'IJ fll 'j tflfl ~ 'jn 

'~ij1~ rm ~lt'U'\.J rns ~m1l1~1:1'11 t~ fJ1tl'IJ rm i fifll'j ~'\.J n~ fJ1~t"l , '\.J ~'U tJ~ 111 W~'\.J n~ fJ1~t"l~ 1:1 fi1:1.:1 q q 

V~l.:1t~1'j 1fi 'j ~~'IJtJ~1JlW ~'\.J'Yl~ fJ1~Q '~1:1'1I~1:1U1:1~V~' '\.J'j~~'IJ~1 t~'\.Jm~' ..r'Yli''Vl fJ1m~'\.JV~' '\.J 

.fll1~t~V1I Imu '~41fJ 

4.7.7 tJ~1J1W''\.J1~'jt'il'\.J''\.J~'U (total nitrogen, ttJV{t~'\.J~) ''\.J1~'jt'il'\.Jt~'\.J1i1~~ 

ij'IJ'Yl 'IJ 1'Yl ff1 fiflJl9l ern 'j t'il ~ f:ut~ 'IJ 1~ 'IJ V.:IV1'lft~'\.J V~l.:1111fl t'Vl 'j 1~, '\.J 1 m t'il '\.Jt ~'U 1i 1~ ~'li1fJ' ..rV1'll' u u q 

1:1'~1.:1 1 tJ'j~'\.J '~V~l.:1t~fJ.:I'VlV V1'll'1:1'1111'jt"l~.:I~fi1i1~' '\.J 1~'j t'il'\.J'il1fl~'\.J' 'U~tJ~t~'\.JtJ'j~ 1fJ'll'tJ fiv 

''\.J~tJ 'lJV.:Itfl~V''\.Jt~'j~ tfl~VUV1I11JtijfJ1I U1:1~~t~fJ 'H~vv~ij'\.J UI9l''\.J~'\.Jirfl'il~'Q;~tfffJ1i1~ 

''\.J1~'jt'il'\.J '~~lfJ (~flfi1, 2544) 
~ . 

'illnrns fffl'l:l1tJ~ 1J1W, '\.J 1~ 'j t'il'\.J''\.J ~'\.J t~'\.Jfll'j 1tm 1~,.f'il1flV1'\.Jfiffflfl1~111mi1l 
... 'lI 'lI.x... • "" 'I .! d 'I 'lid"" 'I I I 'lI
~1U'Yl'Utflfl~'jm'IJV.:I'IJl'\.J~'U~.:I ~1VfJ1.:1fi'U 1'U'Vl'\.J'Ylt'Vl1~tJ~fl~111fll'j 1'If'Ylfi'\.J 1'U 'j~'IJ'IJ~l.:1'1 iJ1~'\.J 

: ....'1 GI 'JJ 'j/ "I I .a Q rI .a 1 .d 'JJ Q 1 1 .d A. ci I "I 'j/ d I 

'\.J1lJ11'll'1:1'VfJ U1:1~'lJ11 1'j/'Vl'll''Vl1W'll'fJ'H'jV'Vl'\.J'YlVHV.:I 'Vl'IJ11'Vl'\.J'Yltflfl~'jU1:1~'Vl'\.J'YliJ1111 1Ifl1 

''U 1~'jt'il'\.J~.:I~1'j1.:1 50 
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i,I I 11 , 

Al~H 50 tJ~1J1tu 'lu l~ll'll'U ''U~'U'UtJ~~'UYilf)'Hmm'lhulPi''UH~~l1Jf11l '~Yi~'U ''Ul~lJmh:j'1 

l'U1ml'il'U (%)� 

':i::'I.J'I.J~ 1 m':iu~nVl'l11i/Vl'l1~n e.l1fffJJ1~'U Slope 12 - 35 % 0,16� 

':i::'I.J'I.J~ 2 m':iu~nVl'l11i/Vl'l1~n e.l1fffJJ1~'U Slope> 35 % 0,25� 

':i::'I.J'I.J~ 3 m':iu~nVl'l1~n~Mf1i'h1~'UiifJ'U~'U~ u'\.i':llrJ'UUUMdeJfJ Slope 12 - 35 % 0.26� 

':i::'I.J'I.J~ 4 m':iu~nVl'l1~n~lleJf1i'Ju~m~1J~'U~ Slope 12 - 35 % 0,17� 

{hll'UJl 0,29 

{hl~neJfJ 0,35 

{f111i/Vl'l1'Vlltlh6 0.24 

0.50 

0.40 

,... 
'!!. 0.30 
~ 
C 
41 

-
~ 
0 
r.. 0.20 .... 

Z 

0.10 

0.00 

1 

ill'Vt 21 

.. , , 

'Il1flfil'Vl 21 'Il~1~'Ui~11 ".A~'UYith'~fftJtJ ijtJ~:JJ1tu1'Ui~ll'll'U~.:jYi~~ ij~l .. , 
l'vhnlJ 0.35 ltJfl{l~'U1Pi' lfl'HHlJl1hlPi''U'I11 ij~1!'vhnlJ 0.29 ltJfl{l~'U1Pi' l~lJlJYi 3 nlJ ij~1!'VhfilJ 

.. I tI d tI .d.c::l 1 GI ... 1 0' d tI" "l I <l:!t Q tI d' QII I 

0.26 llJflllC)1'U~ l~lJlJ'Yl 2 1JfI11'YllfllJ 0.25 llJflllC)1'U~ 'Ul1 ll/'Vl'll''Vlltu'lW umimnu 0.24 

.1 .. d" .d ... 1"" If) i .. 1 I '" • I .. d .. .d ... 1"" 
llJflllC)1'U~ l~lJlJ'Yl41JlJl:JJ1W t'U ml'll'U 1JfI11'Yl.lfllJ 0.17 llJtJllC)1'U~ unereuun 1 1JlJllJltu 

If) i ~.d.c:!' I QI ... 1 tI d 0' 
~'U ~m)'U~l'Yl~~1JfI1t'YllfllJ 0.16 llJtJllC)1'U~ 
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. ,I' 
4 '" 'I iI" '" 'I" .. ..' II) 'i

t1Jtl'VH)l'HU1'i11m~'lJ'lJfll':i 1']j''VIfI'U l'U':i~'lJ'lJ'VI 1 uneseuun 41JfIll'U lfl':it'il'U 

~ .... 1 0' dolo QI 4"ild.Q ... 1 4 
f11~f1 (0.16 ml~ 0.17 tutlWlf'UfI fIl1J~lf1'lJ f111JfIl':i1.:.1 50) t'Utl.:.l'il1flfll':i 1']j''VIfI'Ut'W1~U~fl'W']j' 

d .. 'I iI.l d 4 ~ , ~I 'i "':.1 A ~ '" ~ iI ~ 
':i~'lJ'lJ'VI 1 urm 1']j''W'U'VIt'W1~tJ~fl'W']j'1 - 2 flHfltlu lfltltllfHJ'U1H'U t1Jtltfl'lJ~~~~f1tff':i'ilU~'Jfl 

" . .. 
, 

tJritltlVl.:.l1 ~d~tl'il~tJ~fl1 'Uil~tl 1il vh1M~']j''W':i':iW~l.:.1'1 VitJflmJ1J~'Uij-Utltl1J1mt~~tJ':i~fltl'lJti'lJij 
" . ,

fl'J11J~ 1f1t'Vl'Utl.:.l~'U Vi tijmflfl~'UfI fltJi1J1f,lH~f1~'U 'iI~f1flm ~ 'VI'lJ ~'J~'U 1 fItlfIH vh1Mtflflfll':i ']j'~ 
• I I " 

~~~lmtllli1~ 1'U1f1':it'il'U 1tJ~'JtI 1'Uff'J'U'Utl.:.lfll':i 1~Vi~'Ut'W1~tJ~fl~']j' ':i~'lJ'lJVi 4 n1tl.:.l'il1fl~tJU'lJ'lJoU 
~ '1 i1d", 'I .1 4 ~~I'i II) ,.. w "' .. '1 i1.;'1 "'I iI '" 'Iii 
ruurm 1'lf'VIfl'U l'Ufll':iU~fl'W'lffl~tlfl'VI.:.lU lfltl 11J1Jfll':i'Wflfl'U urns l'lfldmfl1J l'Ufl1'Ufll':i~~f1 rm l'lf 

~tI 1'U1mt'il'Utrltl1 ff~.:.I 1 tJ'l.J1.:.1ff'J'U~'lfff11J1':imch 1 tJ1~1~ U~1'Uff'J'U~m~t:l1i1~ 1 'U 1f1':i t'il'Utl1'i1 

':i~mtl'Hitlci11J~.:.I 1tJ1'U~'U 1~~1t1 t'li'Ut~tI'Jti'U~flfl1 (2544) U~~flW1'i11':i6fllfll'1f1tJ~~1'V1tJ1(2544) 

II) iI '" , II) 'i II) iI 1 4 "' .. "''I '" 0 II) .1'1 iI .k ~~ 
lfltlli'lJ1t1'J1 fll':it1ty'H1t1'Utl.:.l l'U lmt'il'U lflUfl 'W'lfU~~~~'U'VI':itl l'UfI'U'U11U l'lf Clf.:.ltll'ilt'U'Ufll':i 

, I " I 

t1qjtiYmt'lJ'lJoi'Jm l'JU~~ 'iI ~m;'lJfi'U ~~'Utijtl~']j'u~~~ii'U 'VIi 6'11'Ufl1t1U~~ t'Il1til tl tI~.:.I U~ {{1ij rns 'U'U 

~lt1~iifl~~tltlfl 1 tJ'il1flif'U~ ~.:.Ii1tll1t~'Ufll':iff\\JtiYtl1 'U 1f1':i t'il'U tlv1.:.1u't1''ili.:.l trltl~'Uflfl~.:.I1J1J1~.. " " .
ci11J~l'Uoi'U'Utl.:.l~'U 'iI~'If~~1.:.1ttllli1~ 1'U1f1':i t'il'Ufl11J~.:.I 1 tJ~'JtI 1f1m~'W1~ 1'U1f1':i t'il'UVitl~1'U~tJ'Utl.:.l 
II) II) '" 4 II) .. 'i ' '1.1 c:>I ",.1 A '" 
l'U lfl':ifl'H':itll'Utmfl U~~fll':iff\\Jtfftl lfltlfll':i':i~mtlff'lJ':i':itJ1fllffl'U':iu'Utl.:.lUflff 'iI~tflfl'U'Ut1Jtlfl'U 

qJ U IV qJ 

tl~1 'U fffl1'W~ij fll':iri1m 'VI tllfl1ff11i~ 
" ,

'il1fl~~fll':iffm:l1'W'lJl1 ~ltJi1J1tu 1 'U 1f1':it'il'U1'U~'UVitfl'l:lfl':iijtJi1J1w 1 'U 1f1':it'il'U 

~ I 1 d ",'I "l 'j/ ~ 4 1 d ='t I d iJ "l i/J 1QI Q

f11 fl 'J1'W'U 'VI u 1 11J 'VI.:.I fftl.:.l UtJ~.:.I t'Utl.:.l 'ill fl~ fl'l:l W~ fffll'W'W'U 'VI iu'U iJ 1fIui'U11JfI'U 11J 'U'U 'H'U 1U'U'U 

'i II) iI 1 d.l 'I .1 d .'1 ~ 0 .. 'I' A 'I II) iI II) iI '''' w 
lflm~'W1~ 11Jfltl'VI'U'U l'U'W'U'VIu1t'U'U'il1'U'J'U1J1flU~~1J'U'U1f11'H\\J ure ru 11Jtff'l:l11J'H~'Utflflfll':i'VI'lJ 

" 
~ 0 'I iI" '" .. w .1 A.I .1'" 4

(11J iu hit 'J ~ 1 'U 1'U 'VI-I 1'H 1J fll ':i ff ~ ff 1J 'U tl.:.l n 'U 'VI ':i tI'J fI(11J 1fl 'U 'U t1J tl H'U fI fl u ':i 1J 1Wtff'l:l 'W 'IfU~ ~ 

" . q 

v'U'VIi tllf1(1mri loU 'iI~'lf'JtI~f1U ':i.:.lmeu'VIfl'Utl.:.lt~f1~'UViflfl~.:.I1J 1ntl'U 'iI~ 1 'H~ ff~'J~'U vh1Mtflflfll':i 
q .. 

']j'~~~~1t11 'U 1f1':i t'il'U-utltl~.:.Ifl11J 1tJ~'JtI 

4.7.8 ~tlff~tli'ff~t~'UtJ':i~ 1t1'1f.u~tl~'If(available phosphorus, mg/kg') ~tlff~tli'ff 

t~'Uli1f1tll'H1':i~~lt~'Utl~l.:.1~.:.I~tlfll':it'ili \\Jt~'lJ 1f1'Utl.:.l~'lfU~~~']j'ijfl'J11J~tl.:.lfll':i1'UtJi1J1W 1J1fl'Wtl 
q " 

ff1Jfl'J':i ijff'J'U~t~tI'J.,j'tl.:.lti'lJfll':i tffi1Jfffl.:.1fll':i t'ili \\Jt~'lJ 1f1 fl'J11JU~.:.IUH'Utl.:.l~'If':i1fl~'If rmeen 
" 

f1tlfltltlfl ~~'U tl.:.l~']j' U~~~tlff~tli'ffV.:.lt~'U tl.:.lfi'tJ':i ~ fltl'lJ~ ~lt ~ 'U 'U tl.:.l ff1':i ~ tl fft~ f1~ Vi 1M-u1~i''lJ'lf'J.:.I 

I QI I' I I QI 0' 
mtl'VItlfl'W~.:.I.:.I1'U ':i~'H'J1.:.1ff1':ifl1.:.1'1 'Utl.:.l':i~'lJ'lJflH'1 t']j''U ':i~'lJ'lJfll':i ff.:.ltm 1~'H Uff.:.lU~~':i~'lJ'lJfll':i 

'I ~ iI '" "'.1"'" .1"' •.1 • .1 '" 'H1t1 l'il t'U'UfI'U (flW1'i11':itlfllfl'J'lf1uj'W'J'VItl1, 2544) fll':im~'il1t1'Utl.:.lu':i1J1W'Utl.:.lntlffntl':ifffl11J 

", "" 
':i~~'lJ fl'J11J~ fl'Utl.:.loi'U ~'U Vi1 ~1 'U fll':i t'W1~tJ~ fl'l1'U 'W'lJl1 ~'Uoi'U'lJ'U 'iI~ijtJi 1J1W~tlff~tli' ffff .:.I fl11 .. ..
", . 

'" '" ' .... 4 '4 4.. 'Iii • .1 • .1 '" 'I 'I iI 
f1'U'If'U~1.:.1 'VI 1J ':i 1fl'W 'lfm ~ 'il1t1tl~ t'Utl.:.l'il1fl'W'If'il~1Jfll':i ~f11 'lfli1~tll'H1':i n tlffntl':i ff l'U':i ~tI~ I fl~ ':i 1fl 

1J1flfll1':i~~'lJ~'J~'U U~~ 1'U':i~~'lJ ~'J~'U 'iI~'W'lJli1f1~tlff~tli'ff~ 1~'il1flfll':i ff~1t1~'J'Utl.:.lClf1fl~']j'Clf1fl 
q 
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(1Jf1~1, 2544) 

Q,I 'A ~.d.t:!l i jJd A CiJ " jJ

~1f1~1'fltlN~'U i 'U'V'l'U'Yll'V'll~'l.l\lf1'V'l'lfmlJl~'l..J'l..Jml 'If'Yl~'U b'U l~'l..J'l..J~ N'1 iJl~'U 
: ",'I i 9J ~ lI) 1 ~ A" I A i ~ ci ~ d ....1 lI) vQ,I� jJui in 'lfff'fltll1f1~'tI11 bl/'V'l'lf'V'llW'lftl 'V'l'l..J11 'l.lllJlWyJ'flffyJ'fllff 'U'V'l'U'Yllf111~l'V'l'U'YllJl blJ 11f1~'tI11 

'l1/Yl'lf'V'llW'lfV ~lyJ'flffyJ'fli'ff~~~'U'l.ll~ 1t1'lf.u~'1~llN 51 

V111N 51� 'l.l~lJlWyJ'flffyJ'fli'ff~b~'U'l.ll~ 1t1'lf.u~'flYl'lf 'tI'fl'llf'U~bf111~lm,j'l'Ufi''U~'1 ~llJf1ni~ 

~~'U i 'Ul~'l..J'l..J~N'1 

vi tl ffvltli'ff 

(rng/kg") 

~~uu~ 1 m~,j~n~'If'i/~'If~n fJlffvJ1F-J'U Slope 12 - 35 % 38� 

~~uu~ 2 m~,j~n~'If'i/~'If~n tllffvJ1F-J'U Slope> 35 % 14� 

~~U'l..l~ 3 nn,j~n~'If~n~i:lfJ~iJ'I11j'U(1v'Uli'U~ Uti'UrJ'ULL,ji:l~VfJV Slope 12 - 35 % 86� 
.d� .o!t Q./ d d J ~ 

~~UU'l'1 4 m~,j~n'Vl'lfNn'1li:ltl~iJ,j~m~:IJ'Vl'U'I'1 Slope 12 - 35 %� 73 

ih~'UJl 18� 

ih1~fffJV 3� 

<f{11'i/~'If'VlltU'lf6 11� 

100 

90 l80 
70� 
60 ]� 

SO ~ 
40 -;� 

30� 

20� 
10 

o 

! 
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d "1 91 , '191"; '" .,; d. I'" ..1 ..1 '" 
"lflfl1~ 22 ,,~m'\.J Lfl11 seuurm 'If'Vlfl'\.J seuun 31JuHntUnflffnflnHJ.:j 

~"lflt'Yhfi'lJ 86 iJ~iifl~1Jl9lflfihfl~1J ~~H~.:j1J1~~'lJ'lJ~ 4 ijfiwVhfi'lJ 73 iJ~iifl~1Jl9lflfihfl~1J seuu . ., . 
Vi 1 ijfiwVhfi'lJ 38iJ~iifl~1Jl9lflfi1~fl~1J ihlPl''\.J~l ijfiwVhfi'lJ 18 iJ~iifl~1Jl9lflfi1~fl~1J ~~'lJ'lJVi 2 ij 

fiWVhfi'lJ 14 iJ~iifl~1Jl9lflfi1~fl~1J .,j'111~/yj'lf~ltU'lf6 ijfi1t'vhfi'lJ 11 iJ~iifl~1JI9lVfihfl~1J u~~ih 

't~ffmJ ijfi1yJflffyJfl~ff~1~fffl ijfim'hfi'lJ 3 iJ~iifl~1Jl9lflfi1~fl~1J• 
tI • II I 

"lflH~fl1~ fffl1:n ~'lJ 11 yj'\.J Vitflll~~ij1J~1J1tU yJ flffyJfl ~ff't '\.J~'\.J ~ .:jfl11yj'\.JViih 1~ 

t~fl.:j "1 fl~'\.J ~tflll ~~ ,,~ij rm '1 d~tJyJ flffyJfl~ ff~tfi'\.Jfl111JlPl'fl.:jfl1~'\lV.:jyj'll'~ ,,~~ 111J't~fffl.:jtff~1J 
'" '" 'i ~ '1 .1 ~I d.I'" • .1 • .1 '" '1 '" d .10 91 '" 

fl1~t"~qjt~'lJ L~ ".:j'Vl1 mflflfl1~ff~ff1J'\l'\.J'YJWI u"'\.J1Ju~1J1tUnVffnV~ff '\.JfI'\.J1J1flU~~Vflu~~fl1~ 

.k '1 d "'.1 ... '1 ' t I '1 91:1 91'I1'\.J.:j '\.Jfl1~t~~tJ1JfI'\.JUt1fl~'lf '\.JU~~~flH "lflfl1~fffl'lJm1Jtflll~~m ~'lJ11 'll'~tJflflmfl.:jfl'\.J 

• I'" t... '1 t '1 91'i '1 91 .;, .k .t1 I 91 "1 91 , 
'I1'Q1Jut1fl~'lf'YJflflH'I1~fl '\.J'lJ1.:jflHfll" 'll' L~tJ 'I1'Vl1U1J~.:j C)f.:j~tJflVflflfl'\.J'\l1.:j"~111 LfI.:j1m~~1~ 

II II,.. • 

1~tJd1'\.J't 'I1Wtflllmm"~UtJ1Jt~tJ.:j11 1~u~~'I11ciffl '1 '\.Jyj'\.JVi1~~ltJ ~.:jYh 't..r1J~1J1tUyJVffyJV~ff't '\.J 
" 

~'\.J ij mi't '\.J ~ ~~'lJ1J 1'\.J fl~ l.:jtl.:j ff.:j1J1fl
OJ OJ 

I ... , 1 

tij VVi"1~ tU 1U~1" ~ t~ '\.J 1~ 11 1J~1J 1 tU yJ fl ffyJfl ~ ff't '\.J yj'\.J Vit flll ~ ~ ij 1J~1J 1tUVi 

d I 91 ... .,; 0 "1.1'191'1 '" 91 '" '" 'i "191 I
t~tJ.:j~fl~flfl111J~fl.:jfl1~'\lfl.:j~'lf'Vl"~'\.J11U 'If '\.Jtff~1Jff~l.:jflnt"H\H~'lJ L~ LfI~Vff1Jfl1~ U~fl1~ 

" 
Vi"1~tU1tl.:j~~~'lJfi1 pH '\lfl.:j~'\.J~1m~~1:d1't'\.Jfffl1~~'\.J~ijfi1 pH ~l'11~V~'\.Jmfl~fI (~lfl11 5) ,,~ 

~ 'i "1 .,; "1 91 +2 +3 d '" '" 
tlfl~H LfltJ 1VVV'\.J'lJ1fl'Vl~~~ltJ 1f1~1fl Fe , AI . U~~ hydrous oxide '\lfl.:jm~fl fl~~1J'\.J1J U~~ 
OJ OJ 

d .1 ~ ..I • .I d.d. .1 ~ '1 91. I'" "1 ..1 ••1 '10
U1J.:jfl1'\.Jff 1J1fl'\l'\.J fl1~~HnVfftn~fl"~tJ.:j1J1fl'\l'\.J".:j'Vl1 'I1u~1J1tU'\lfl.:j LflVV'\.JnVfftn~1 '\.J 

ff1~ ~~~ltJ~'\.J~fI~.:j t~fl.:j"lfl 1 VflV'\.JyJVfftyJ~\lm1J~tJ'\.J 't..rt~'\.J ff1~ flU'\.J 'Vl~ 6yJflfftyJ~~~~~ltJtJ1fl 
.l.k ,.,;... "1.1'191.1 'i 0'''191 0' '" .1 d'"0

1J1fl'\l'\.J C)f.:jtJ1flUflfln'Vl~'ll'''~'\.J1 LU 'll'u~~ btJ'll''\.J 1f1 (fltUn1~tJfl1fl1'll'lu~~1'VltJ1, 2544) mn 
.c9 d lIJ ~ I' Q '1 1 d 1. d 91 Q 1'1 Q,I ~ Q,I c9

fl1Hl'flll1,,~m'\.J 1f111 fI1 pH '\lfl.:jfl'\.J '\.J~'\.J'Vltflll~m~~~'\.J'Vlfll.:jfl.:jV~ '\.J~~fI'lJt1J'\.Jmfl"fltl.:j1J1'\.J 

.k ~.,; 91 .1'" "" 't9l.l.,j ~'t ~0

fl~l.:j (pH 5.16 - 5.73) C)f.:j"lt1J'\.J'Vl"~~V.:ju~'lJ~~fI'lJfl1pH 11~.:j'\l'\.J t~flt1J'\.Jfl1~Mlfl1~~H'\JV.:j 

•.1 ..1 '" '1 '" d .1 .k 'i _!II '" "1 ''1 91 '" I '" .k
nflffnfl~ff '\.JfI'\.J U~~flflu~~fl1~'I1'IH LfltJfl1HW.:jfl'\.J 11J 'I1tflflfl1~mfl'\.J'\lfl.:j~'\.J (soil erosion) C)f.:j 

91 I " I II 

't'\.Jyj'\.JVifl1~ffflll1 "'fllltU~'\lfl.:jyj'\.JVifl1~tflll~~ fifl'\.J.,j'1.:jijfl111J~1f1i''\.J ~.:j ~.:jYh 't..r~ltJ~flfl1~\lfl~l 
., . 

vrfl~l'11~fl\lfl~1J'I1fl'lJflflfl 11J"lflyj'\.JVit~1J 1~ fltU1"1~ 6fl1fl1'll'11J~yj1'VltJ1 (2544) 1~flri1111 '1 '\.Ji] 

.k d • .I ••1 '" . I "''i '" , "1' '~I ....\ • I 0' d 0'
'I1'\.J.:jfll"~qjtfftJnflffnV~ffU~~1J1tU 1 - 3 fl b~m1J~V l~~VU 'I1~Vu~~1J1tU 0.4 - 1.2 tuV~tC)f'\.J~ 

., ., 
'\JV.:jyJVffyJfl~ff~.:j'l11JfI't'\.J~'\.Ji''\.J1tl~~1'\.J 

4.7.9 1~U'Vlfft~tJ1J~U~m1J~tJ'\.J1~ (exchangeable K, mg/kg") 1~U'Vlffl~tJ1Jt~'\.JTi1~ 

m'l11~~ ~1 t~'\.J I9lvyj'll' 1fltJij 'lJ'Vl'lJ1'Vll9lvfi"m ~1J'I1~erneu1'\.J rns fff l.:jff1J 19l1.:j~ '1 '\.J tC)f~rl'~m11~ 
., . ., 

t'lf'\.J 'li1tJff.:jtm1~11~1~1~ utl.:j 11J~~'\.J d.:jtff~1Jfl1~ tfliifl'\.J~ltJ~lm~ e m '1 'lJ11JiJ.:jH~ 'lf1tJ't..rH~ 
'" '" 'i 91... d d I 'i '" 'i d ''1.1 ...91

t"~qjt~'lJ b~ ~'\.J~'lfU'\l.:jUH1Jfl111J~1'\.J'Vl1'\.J~V b~fl'lJ1.:j'll''\.JfI b~U'VlfftC)ftJ1J"~fl~ '\.J~U'\lfl.:jtfl~V 
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flU'VI~611~~HlflU 'VI~ 6~fl~ fl1fJJ1'$1 Lrlm~l't1u~1 UVl'lfU~1'~'$lLtI~fJUtLtIfl~l1jU fl'ntl 'j~ nU1J 

flU'VI~6111!jUUtitl' U 1\Pl'j1~U vJufl'vJuffl' tLflfl1CifmJ Ufl~U1Jf)ihCifmJ (flW1~1'j 6f11fl1'lf1t1jVi1'V1fll, 

~ .1 ,." ,. ,,".1 I w ~ ... I "" I... .: "" 

2544) fl111J11JU1J'j~ ~fJ'lfU'\IU~1i11PJ t'VH1'V1fl'l9W1J'\IUU~ntl1J~~fJ\Pl1~"l'\IU~~U l'lfU fln'MW~lUU~U 

o • '" 

U'4f11fl~U1l1~fJ1fi1iifJ1~U~titlf)1'j\Pl1~ 1 'Wu'VIfl'LCiffJ1J Ufl~m~t11U f)1'j'lf~~H' t1~ln~u 'j 11J..r~ 

11if)1mfl~~\Pl'j1f)1'j t ri~fJ 1 'Wu 'VIfl'lCiffJ1J~m1J1~fl'1J (1Jn~l, 2544) 

~1 n ms11m 1~..r~lm~ fl'fi~'\IU~t111J1W1 'Wu 'VI fl'lCiffJ1J 1U ~U \Pl11J mi1J~ 1U 'VI U 

y y.l 'I .: ,J 'I y,J"" 'I I Y : , 'I yI

1f1'M\Pl'jm'\lU~tI1U\PlUH~ ~U'WU'VI1'W1~t1~n\Pl11Jf)1'j t'lf'VI~U tU'j~t1t1\Pl1~"l ih\PluUl ill t'lffl'Um1fl~ 
" I " I 

.u11'i /Vl'lf'W1W'lf6 'WtI ';htl11J1W1'Wll'VIfl'lCiffJ1J t UVlU fif)1'j 1f1'M\Pl'jVlUfiih '~llfl~~11'i /Vl'lf'W 1W'lf6 

ij~11'WU'VIfl'lCiffJ1J~~\Pl1'j1~ 52 

I I " I " , 

g)11H 52 t111J1W 1'WtL'VIfl'lCiffJ1Jfi1mmtl~fJU'$l '\Iu~Vlufi1f1'M\Pl'jm,j'lU~U~~\Pl11Jf)1'jt~fi~ut U 

-I
(mg/kg )� 

'j'~UU~ I fl1'j'u~f)'rh'1/Vl'lf~n tllflfJlfuJu Slope 12 - 35 % 227� 

'j'~UU~ 2 fl1'j'u~fl'rh' 1I'rf'lf~f) mfltllrl~U Slope> 35 % 97� 

'j'~UU~ 3 f)l'J'U~f)Vl'lf~f)91fltl~iJ"11~Ui1fJulfu~ Uti~l~UUUM~tlfJ Slope 12 - 35 % 189� 
d .aQJ <d dld

'j'~UU'YI 4 fl1'j'U~f)'n'lf~f)91fltl~i1U~f)l91ll'nU'YI Slope 12 - 35 % 108� 
'"� 

ih~mh 36 

ih1~fl'tl fJ 123 

-«11, 1I'rf'lf'nlw'I16 177 
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.fI1'n 23 'll~1.I1W lViU'VllH~t/1.I-¥im'lfH'll~t/'W1~ (exchangeable K, mg/kg') 'lJtl~~'W-¥itfl1:l~'Hn 
!II !II"f 'I !II.d "" 'I I 

'Ul'W~'WH~~11.1f11'j b'll''Vl~'W b'W'j~1J1J~l~'l 

d 11) !II I 'I !II.d "" 'I .d "'. I"",. '" 
~lflfllVi 23 'il~m'W b~11 'j~1J1Jf11'j b'll''Vl~'W b'W'j~1J1J'Vl 1 'il~1.I1J'j1.l1W bViU'Vlff!91t/1.I 

ff~~ff~ ~~ijtl1t'yhfi1J 227 ij"i1fli'1.I~tlnhfli'1.I 'jtl~"~1.I1'j~1J1J~ 3 ~~ij'll~1.I1W lViU'Vlfft~t/1.I.. . 
t'Yhfi1J 189 ij"i1fli'1.I~tlnl"fli'1.I ~111~/~'II'Vi1W'll'6 ih1~fftlt/ 'j~1J1J~ 4 U"~ 2 ~~ij'll~1.I1W 

" .
lViU'Vlfft~t/1.It'Yhfi1J 177, 123, 108, 97 U,,~il1~'WlJ1ij'll~1.I1W lViU'Vlfft~t/1.I~1~~ ijt'Yhfi1J 36 

ij "i1 fli'1.I~tl n 1"fli'1.I 
" I " 1 

'illflrns fffl'l:l1Vi1J 11 ~'W-¥i ms tfl1:l~'jijtl1'll~1.11 W1Vi U'Vlfft~t/1.IlJ ~fl11~'W-¥i~'W ill 
" I , "" 11) !II '" .1""" '" 'I "'I '" ''1 "'.1 .oil "'I "'I '" 11.1 1.Iu'j1.l1W bViU'Vlfft91t/1.I !'WVi'W'VlflUtfl1:l~'jtl~ b'W'j~~1J1J1'Wfl"HfHlJ~1.I1fl !'Wtl~'il1flVihl'Vl 

. " 
ms tfl1:l m ij rns 1ri~ t/rltlfl1 'W ms il i'uil ~ ~ ~'W 'I1~tltl1~ fl ri111~11tijtlijf11'j il ~fl~ '11'1 'W U~" ~fli' ~ 

". " 
tfl1:l~'j mijf11'j 1ri~ t/fltlfl"~ 1 'll1'W~'W-¥i'YJflfli'~ ~fllVim"~flW~ (2545) 1~flri1111 ms1ri~tlfltlfl 

1hiV~'j 1~m1.l1~ ff1.lH" ~~ tltdtl~9i~ ~tlfi'Wt~'W 'j~ t/~t 1"l'W 1'W ~ ~ 'lheil i'uil~ ~f'J Wff1.l,j9i 'V11~ fllt/fllVi 

'" '" "".1 ..,j .+oj "',. '" '" munu U"~'Vl1~'II'1fllVi'IJtl~~'W'U1~1J'j erns t'W tl~'il1fl ~ enen ~~1.11i 11PJ bViU'Vlfft91t/1.I Ufl"t91t/1.I um: 
'" '" ~ "'.1 ..,j "'.1.1 I

U1.Ifl'Wt91t/1.I !1J'Wtl~fl1J'j~fltl1Jff~ t1.ltlff"1t/~1'il~1J"~1J"tlt/ Basic cation tltlfl1.l1 U"~~lflf11'j.. 
'Vl~"tl~'lJtl~ t1.l1l U"~flW~ (2537 fl1~ 1~t/ ,,!fllVi'j H"~flW~, 2545) Vi1J11 fll'j1~~t/fltlflV~'j1 4 ~'W 

~tl1~ ~11.1fi1J~t/lflij Vm1 50 nl"fli'1.I~tl1~ 1'WNflf11~..r1 ff11.1Utl'lli'1J'll~~f'JWff1.l,j9i'V11~tflij 

flri11fltl ff11.11'jtlt/m~~1J~'W'Vl~tli~tlU"~1i1~1'Wlmt~'W1'W~hI ~lfl 0.81 U,,~ 0.039 t~'W 1.04 

u,,~ 0.73 t'lltl{t~'W1'i' ~11.1il1~1J t~'Wf11'jt~1.I'll~1.I1W1i1~tl1'111'j'Wtlff'Wtli'ff lViU'Vlfft~t/1.I Hfl"t~t/1.I• 



103 

.... 0 "''1 i1 .l ?I
mJfl'UbCJ1tJ1J U~~f111J~tl'U ~'H"l-:.l'U'U ~lfl 15.92, 178.8, 164.5, 158, 15.8 nru 17.79, 254, 188.5, 

221.0 U~~ 24.8 mglkg-l(iJ~~fli'1J~flfi1~fli'1J) \9l11J~1~1J 

4.7.10 Ufl~t~tJ1J~U~flb'tl~tJ'U'~(exchangeable Ca, mg/kg") Ufl~b~tJ1JbrJ'U1ilfJ 

fll'H l'i 'i fl-:.l ~ij1J mn 'Yl ril~ tlI~ flf11'H~~ tlI !9l1J 1 \9l'U fl-:.l~'ll' t'lf'U ms uil -:.I bCJ1~ ~U ~~arJ'U fl-:.lf1'th ennu 
" " 

'Ufl-:.l 1m -:.Iff!l-:.l~ ril~ ty'U fl-:.l HU-:.IbCJ1~~ brJ'U ~-mn'q'Yli'Ufl-:.lffl'i ~trJ'U yhl'Vnflm~ V'U 'Yl~ ~~ l-:.lG'] t 'U 

~'ll' brJ'U~1~fl~1'Uq'Yli'Ufl-:.lffl'iflflfl~'U f11'iff!l-:.l hh~'U 't11~ltJfl111JbrJ'Uvhl'Ufl-:.l'Ylfl-:.lU~-:.I t 'U~'ll' 

t~1J ff~ "Yd'U 'i ~WjH Ufl~ t~tJ1JU~~ l-.,u 'Yl fft~tJ1JU~~ ~~f11'i~ ~~ -:.I l-.,u 'Ylfft~tJ1J ij ff1'U t'U ms 

bfl gfl'U~ltJ\9l ~ fl~~'U ms t~1J i'fllllflll11J' ~H~'i\9lU~ ~ 1 'th~'U U~ ~ff -:.It ff~1Jf11'i tfi~tl1J~'i lfl~1 

tl~1J1WU fl ~ b~tJ1J~U~ ru tl~ tJ'U '~t 'U ~'U ~'U fl~n1Jtl~1J1WUfl ~t~tJ1J~ fld t'U ffl'i ~~ ~ ltJ~'U ~-:.It!'U 

tl~1J1WUfl ~ t~tJ1J~u~mtl ~tJ'U '~t 'U ~'U~-:.I brJ'U il ~~tJ'H~ -:.I~ij H~~ flfl 111JbrJ'U tl'i~ 1tJ'l1tf~ fl~'ll' 

(flWl~1'i~mfl~hntli~1'YltJl, 2544) 

~ '''' iI iI.l '" ''''''11.­
~ lfl H~f11'irrfl'l:l1\9ll1Jflq1J\9l1U ~ 'U-"'U 'Yl'Yl'Utfl'l:l \9l 'inru fl-:.l tnu \9l'U H-:.I'U fl-:.l \9l1fltJH~'U 

t-"1~tl~fl\9l11J'i~1J1Jf11'it~~~'UJ-:.I 4 'i~1J1J ih~'UJl ihtoMfffltJ U~~.,j11'i/~'ll'-"lW'l1~ -"1Jll 
II , '" I 

tl~1J1WUfl ~t~tJ1J t 'U~'U~'U Vif11'i tfl'l:l\9ll ~'U Vi~'U ih'~U~~.,j11'i /~'ll'-"lW'l1~ ijtl~1J1WU flm~V1J 

~-:.I\9l1'iH 53 

l::UU~ I mnJ~flVl'lf'i/'vh~fl mffvJl~'U Slope 12 - 35 % 685 . .. 
l::UUl1 2 mnJ~flVl'lf'i/Vl'lf~fl mffmJl~'U Slope> 35 % 826 . .. . 
l:::UUl1 3 mlll~flVl'lf~fl\9l~fJ~ihTll'Ui1v'UVl'Ul1 ll1j-:.lt~'Ullll~-:.IVfJV Slope 12 - 35 1381 

% 

l::UU~ 4 fl1lll-aflVl'll'~mmfJ~iJll~fll~)J'tf'U~ Slope 12 - 35 % 589 .. 
{h~'UUl 497 

{hl~fffJV 532 

'" ~ I 4 ..e::t. 0'
'U11 ~ l/'Vl'l1'VllW 'lftJ 714 
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fIln 24 ,j~'lJ1tlmfl'W~m,J'Yiu~fH,j~tJ'I,..1 i~ (exchangeable Ca, mg/kg") 'UD,rvh..l'Yitfl'tl~·Hl'i 

" ".1 '1 "d"" '1 I
lJl'U~'UH~~11Jfll'i L'Ij"Yl~'U L'U'i~'U'U~l~'l 

d 111" '1 ildq d Q ... lqI d 

s inm.... 24 ~~m'U LWll seuunn L~'Yl~'U'i~'U'U'Yl 3 ~~1J1J'i1J1tlmfl~t91t11J"J~ 

~~~ tVhti'U 1,381 ~~ftfli'1J9iDn1~fli'1J U~~ijfil"J,:jfl'il'i~'U'U~ 2, 'li'11 'i/fl'lf.... 1W~6 'i~'U'U~ 1,4, 

ihtoM'ffDtI u~~ih~'UJl ~~ij,j~'lJ1tlmfl~tCiitl1Jtvhti'U 826,712, 685,589, 532 U~~ 497 ~~ftfli'1J 

9iDfi1~fli'1J 
" I I 

1~tlfil pH 'UD.:I~'Ut'Ufl'Ufi.yh~'Um~i~~~ijH~m~'Yl'U9iD,j~1Jltl..1 Exchangeable 

Ca fiD t'U~'Um~~dj Ca
2 
+ Ddt'Uffl'i~~~lt1~'Ut'U,j~1Jltl..1U'Dti Hfl1i'~tJ (2535) D~'Ult1'il ms.. 

i~fln~'U~ij H~9iD,j~1J1tl..11i l~m11 nt 'U ~'U ~~~lflfln,ji''Ut,j~tI'U vl'U ~iJl '~i ,jt~'Uvl'U~ 
"i " 0 _'I.k I '1 "... .,j" "" "itfl'tlmm'i1J L~tlfl1'iUH1(l1~'Yll~1t11J191.:1ff DDfl~lfl~'U~H~ L111Jfl1'i tfl"D'UtIltl1il~m111'i L~tI 

v ,.k "" I'Ll'" "" d _I .k 
'U'Ul'Ufl1'i~~~l~(leaching) U~~ffl'U11'U~~~DDfl 11JfllIH~H~~'Ylt""1~1Jt1fl 91~ Miller et al. (1966) 

iI 1 I tI , 

.... 'U'il fl'Ufi fiij f1111J ~ 1~ tll1'UD.:I fl'Ufi1J1fl u9iijfll11J ~ 1~ t'Yl,j l'Ufl~ 1~ ms ~~ ""1.:1 ~.:I 'Yl ~ lt1'U D~~'U 
q .1 r G) A .c:l.:Lc:! ~ ~l:Lc:! "l " q ~I QJ 

tfl~ 'U'U l'UUHfll1 L'U .... 'U 'Yl'Yl1Jfll11J ~ l~t'Yl "J~ 'Yl.:l'Yl1Jfll11J till 11J'lJ1 fl fl1'i'lf~ ~ 1~"" en~ lt1'U D.:I ~ 'U 'U'U 

ril'Utmy~~tn~~lm-J'U~fl .yht~tn~flni11mJl'UD~Jl~11Jfll11J~1~t'Yl ~~ D;h~ (2534) .... 'U'il 
" . 

fl'Ufi,jt1flfl~i i1~ tI'~ij fl n ,jt1flfl'lfD\1i'mJ ,j~1Jltl..11il~Dl11 n vJ DfftvJ~ 1 .... U'Yl ff tCiitl1J U~ ~ 
, tI 11 ,. 

Ufl ~tCiitl1J fi' 11 ~Ul'lJ1ti'Uill ~~ij,j~1J ltl..1 ff~fl'ilfl'U fifiijfll'i,j ~flfl'lfU'U'U DHi'mr~'U .. .. ~ 

4.7.11 U1JflihCiitl1J~U~fH,j~tI'U'~ (exchangeable Mg, mg/kg") U1JflihCiitl1Jt~'U 

1i 1~Dl111 'i~ Dgt 'U flq1J'UD.:I1i 1~ D111 n'i DWlf'Ut~tllti'U ti'Uttfl ~tCiitl1J ijfll11J ~ lt~'U 9iDfln 

"" "" "i "'l.,j ... ... ~ "_I 0 '" '1 "i "i ~ .. .,j
t~'iqjt~'U L~'UD.:I""'lf t'UD.:I~lflU1Jfl'Ut91t11Jt1J'UD~f11J'i~flD'Ufflf1qj L'U L1JmfJ~'UD.:IfI~D L'il1~~ t.... D 
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'lflt1i'U'tI'lJl'Unl'HY~!ml~MUff..:jm~'IJ1'Um'j'l11t1i~ 'Ihtli'Um'jnl..:jl'U'tItln~'IJ'lJm'UlG)flJ 'lflt1i 'U 
I • iI I 

rns ~~1il\P,J~tlff~tl i'ff u~~'lhtl 'l'Um'j!f1 ~tl'UVi'tltl~ulm~'l'UVl'lf ~ lJ'tItl..:jU1Jnihcutl:u 'l'U~'UVi!~'U 
_I ,. <I ,''' ''I _1 d d II) oJ _I"" I d d 'I 
use ttl'lf'U~tlV'l'If~~tl~ t'U~lJ'tItl..:ju:un'U!G)ftl:u ttltltl'U G)f..:j rruns ounnum tI'U'j~1111..:jU:un'U!G)ftl:u t'U 

ms~~~ lt1U~~U:unihcutl:u~~~!11~ tlltl~'IJ~ nw ~1't1 tl..:jU'; ~ 'U!11 ij til (f1W1~1 'j Vfllf11'1fllJ i ~1't1 til, 

2544) lJ~:IJ1W'tItl~u:unijAcutl:ui'U~'UU~~~'lfiJ~~~u~n~l..:jn'U:IJ1nu~l~tlm~tlU~1~11~n 
_I ".:s.::s tid tid. ='t Q.I J.Q.dQ.I I

lJ'j~ntl'IJ~lt1u:un'U!G)ftl:U 1.93 - 2.09 !lJtl'j!G)f'U~ :U:lJ1mlJ'Utl'U~'IJ 8 ffl'U~'U'VUl1:Ul~ff:U~tlm'jlJ~n.. 
.1 " " 

Vl'lff11'jijlJ'j~:U1W 1 ii~iini':Uff:U\!~~tl~'U 100 ni':u'tl'UllJ u:unij!~mJ~~\1n'lf~~H'~~lt1~..:jtr'U 
.Q.c!I .d .::s.::l.::l ,or:::=..c!I " " 
~'U!'Utl~~mtl~~~:uu:un'U!G)ftl:U:Ulnml~'U!'UtlmmJ (~n~l, 2544) 

. " 
~ln~~~lnm'jffml1'j~'IJ'lJm'ji~Vi~'Ui'U~lJU'IJ'IJ~W'l ih~'UUl ihi~fftltl U~~ 

" 1I)'.c!I .Q tI ' .... IQ d. d. G).Q .: .d ,: .d I 11)" "11) , .c!I 
'till t'j/V'l'lfV'llW'lfti V'l'IJ11lJ'j:U1WU:un'U!G)ftl:U t'U~'U'tItl..:jV'l'U'Ylm'jln'l:l~'jV'l'U't1ih t:U U~~'tIl1 t'j/V'l'lf 

VllW'lfV ijfillJ~:IJ1wU:unijl~tI:U~..:j~l'jl..:j 54 

l'l11H 54 lJ~:IJ1WU:unijl~tI:U~U~mlJ~tI'U '~'tItl..:j~'U~m'l:l~'jmUl'U~'U~..:j~l:um'j i ~~~'U i 'U 

'j~'IJ'IJ~1..:j"l 

':i::'I.J'I.J~ 1 m':ill~nw'l1i~/'VJ'I1~n mfffJJ1~'U Slope 12 - 35 % 97 
o ~ 

':i::uufi 2 m':ill~nw'I1i~/w'I1~n 'l1fffJU1~'U Slope> 35 % 138 

':i::uu~ 3 nl':i1l~nW'I1~nll'H)flih11j'Ul1fJ'Ul4''U~ l1,j,:urJ~l1llfl.:jVf)fJ Slope 12 - 35 % 179 

':i::'I.J'I.J~ 4 nl':ill~nw'I1~nllflf)fliJll~m~1Jl4''U~ Slope 12 - 35 % 84 
~ 

ih~'UUl 107 

ih'~fff)fJ 283 

~11i~/vi'lfYmu'l16 188 
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I I 'JI , 

iIl't't 25 1J~1JlWUlJflih~tllJ'VimlfmJ~tI'Wi${ (exchangeable Mg, rng/kg") 'Ut:l~~'W'Vitfl1:J~'jm 
v v.l '1 Vd"" '1 I 

1.J1'W~'\.HH~llJfll'j ~'b''Y1~'W ~'W'j~1.J1.J~1~'l 

'il1fl.fll~ 25 'il~tll'Wi${11 ih1-Nfft:ltlij1J~1J1WUlJflill~tllJ~~~~~t'Vhnl.J 283 
, I 'JI , 

ij~iiflflJ9it:lfn~flflJ 'jt:l~~~1J1 'li'11i~/~'b'~lW'b'6 'j~l.Jl.JVi 3 'j~l.Jl.JVi 21h~'\.n11 'j~l.Jl.JVi 1 U~~ 

'j~1.J1.J~ 4 iJ1J~1J1WUlJflih~tllJ~lff~ ~~ijtl1t'vhnl.J 188, 179,138,107, 97 U~~ 84 ij~iiflflJ9it:l 
q 

fn~flflJ ~llJ~l~l.J 
. " . 

'il1m-mfll'ifffl1:J1~1.J11 1J~1J1WUlJflilt~tllJViijtl1~~~~ i${un ~'UVi~'Uihi~ fit:l 
" .. 

ih1~fft:ltl t:l1'il 'il~tn~'il1fl i vJihtt~t:l'il1flfll'jtF-l1~'UVit~t:lt~~ tllJt~1~1J~fl~'b'1 'Wu9i~~t11 ~tI hJij ms 
" . . 

Yl1U'Wln'U 'lvJnt:l'Utm Yl11,",ivJ'1flmlJt'li'l 'l1J1'W~'UViih i~ C)f1fl~'W'Y1~tl1~QU~~ 11.J i~Vi~l~ttri'U 

~fl i vJtF-l1Yl l~lt1ff~ F-l~ 1,",ijt~11J1fl~'W Yl1 1,",ij1J~1J1wulJflilt~tllJ ~ ~ t'lf'Wt~tllnl.J 'j~1 (2548) 

~1.J 11 If'U ~~ijfll'j tF-l1 'il~il1J~lJ1 WUlJ flilt~tllJ ff~ fl11lf'W ~~ hmmstF-l1 ~~ UlJ flilt~tllJ 'il~ e~ 1'W 'lo\j 1J .. .. 

'Umt~l 'il1flfll'iff~tfl~fll'jw1 'Wlf'W~'il~tll'W111~tlffl'W 1tt qjml'l1urnrt~~ tllJlf'W~1 urnst~l~1J~fl 
" . .

~'b'1 'Wu9i~~t1 'il~ijfll'j ~~ rnsl~tli1ifll'i tF-l1~'WVit~'U ffl'W 1ttqj t~'j1~t~'Wi1iVi1J'j~tt~~ 1'W$l1'U 
I " 'JI J1 I " 

usH1'WU~~ 'j~ tI~n~ 1Vi ff'W 1'W 'UW~t~tlln'W 1'Wih~'W ill 1~ tiff.fll~~'W Viu'"l'il~t ~'Wu tt ri~ ~'U U1 
J1 I 'JI J1 I 

l~tlfll'j 1-Nu1t~m~1J l.f1f1l.Jn.flmllJl1~ 1~1 'W~'WVifll'j tfl1:J ~'j 'il1flfll'jnuumlJ~u 1'Ut:l~'ltlJ'lf'U i$l 
" "1 " 

11 'Y11~'ltlJ'lf'W 'il~'lhtln'W~u~ i1J1,",tn~ i vJitt~1 'Uih~'U U1 ~~Yl1 1,",~'U Viih~'UU1 i1Jtfi~ i vJ itt ~ 



,tt$b111 :::f.rtL~rtm~l t-Q~rtHtgf.LUrt~1:::l!nJf.~Q~ 

t< 

,ttJf.111:::f.rt~!;t1ft1:::11 rt 1 rt!;t1uLrtll~P l L~:::L f.M.1 QM.t-11~1:::[!'t-~~ 1 L!A,m~rt 1 t-l!rt~1t-Q~:::I1I1~W fbrtt rt l 

f.L.H.LQ~Lllrt~1 f.LUt-Q~L\) ~L fbLtt-Ul.~ I ~Lllrt rn Qf..H.$bM.t-Qfb f.LUt-Q~rtLt~Q~rt.l! :::Lrt.H.1Lt rtt.l!~.l! 

b "" F"" h ~ IlitJi7 Ji:I' (6 I F" I M 

.. nb 

rtlrQ ~l t-11~mQ,ttULrtJf.~t-Qfb~111~lrn~111 f.LUQ~rt~lL~ ~f.L.H.LQ~Lll mLrt~rt~rt.ttrt~L~I1Lf.Lt 

, t< 

~ l L!,.t:::l!. rt~t-Q fbJ1Hf\rt.l!rt~QrtLWI1~:::f. rtrE1:::f.rtf.LU rt.ttt-~ rtQrtrtnft1rtt f.rtf.rtnrtLt~~Ll!Ut-tfb 

... 
t< 

.. :::l!~n n I t-.H. n:::l!~n rt~t-Q fb m f.l1rt.l!rt~QrtLt~.H. I LLtt-11 Jf.M.Ul!I1:::LM.1f.LUnI Jf.I LrtrtLl!.H. Ht~LrtQrtl 
I (,I I '='P " h 0 &' fil' I ow 1,,, (, ~ I '=' 0 Ji7 

t< • 

rtQ}t ~tn M.L 1m:::l!n rt~ ~!}1L\;! rt~ U~!-I11!PQ rt~ rt1! rtQ~.H. lft1pL~.H.1f.L.H. LQ~Lll t-Qfb rttp ~~ ~:::l!n 

rt1!L!!lft1Jf.~t-Q fb~ll1 ~1m ~111 f.LUQ~ rt~ lL~ ~f.L.H.LQ~LllmLrt~rt~:::l!.~ !}$b:::l!~11rt~ 

Qrt.l! 1~Q t-i:!. u rtM.l1t rt.H. I ~ Ji7 I 
, t< 

Q~~~Hl!H~ l Q~l rt.l!:::Lrt.H.l rtLt~rtL~rt~t-QfbJO d\rt.l!rt~Q rtLt~L au£t-h!:tf.LU~t-Q~:::l!.~rt~lL~ 

rtrtt-~ ~I rt l Q~$bM.U~rtl1f..H.L.l!$bll!.LQrtl rtl!. LoI1Qf.1rtl t-l!~l!:::l!.urt~rtM.t-Qfbmf.i\rt.l!rt~GrtLt~ ;:Mtf,1Jt1Jt1 Ji7 M 0" lilt ~ lit ~'=':' » 

t}tnJO f.i\rt.l! rt~GrtLt~~~l rt~LRU£t-h!:tf.LU~ft1 11~1 rtLrtLl!U:::I1:::f. rt~Ht1!Q~~~$b~U~rt:::LM.1 

rt~LtrtM.$bI Qrt1 ~I t-11 M.lt-i:!. m f.i\rt.l! rt~G f.L.H.LQ~Lllrt:::l!.~b t-.H. nLtrtM.Ltrt11rtL~Uf. I t-LI1Q L~LtrtM.Q~
'="F" :''' b ~ b 1=' P P F' 'Y I" ~ lit ~ F''f' I II 

~l!Hl!H.H.I :::l!11f.t~LtLLtl~rtl ~I ~ll1~lmf.l!.l:::l!.$bM. I1Qrt~1 $bM.U~I1:::LM.1L\)Qf..H.~1 III $bM.U~I1:::LM.l b "b F"PllIt,,1It b b Ji7 ""IItJi:l' I"" tf,Ji7"bt.l'lJilt IV 

:::l!.l!. LQUI1Q n n..H.LQ~Lll mLrtf.rtrtQ f..H.n..H.LQ~Lll~Lfbrt~ LtrtM.UL .H.~11 t-i:!.Lt rtM.Q~~l!H l!H.H.l 
p" bP Ji7 b'F' f' I F' rib " 

:::ml ~~111~1ih~ l!.1$b~~ tL!,.tl!H~:::l!.~JOf. i\rt.l!rt~G rtLt~~~b t-f'i11 rt~~ rt~UL.H. :::Lf.M.1 t-~t-LrQ rt~1$b~ •t< • 

t-Q fb ~111 ~1 mf.l!.n LUQ~ Ih ~L.l! rnr.urur.nn rt~W fb m f.i\rt.l! rt~Q rutu t-Hrt ~ ruI1t-Qfb f.~ flUl LtrtM.n l 
bb I ~o 'l='IMb P f''''' F';' 

t-Lr ur,~ n un r.~ ULl!. n ~ t-QfbJO f.i\rt.l!rt ~G rtLW rtrEI:::f. rtf. LUrt l~ muiu~ .H.I114LQI1 ~ 1 

M.~U.A1t LUnn:::trtL h)M.~t-Qn.Wl'H,l\rtJ:!rt~~rtlt l<J :::QnM.~u.A 1sLUt-lt":::UM.MrtJ:!rtltl<J 6'1:' ...""IS .. ... p ...""IS .. I p"" .. 

LOI� 
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~ ~ . 
l'I11H SS f1l':i-U'l~~'lfmH~fl111J~~1Jff1J\l':iW'IJtN~'UVifl1':i~t1'1 1~i''Uun1'IJ 

, "dQ� 
~ seuurm 'If'YI~'U
 

QI .c:s.c:s Go' 0' ... 
~'I1'U'lf1~fl 111J~~1J eu \l ':iW'IJ t1'1~'U . . . .... ... ... ... 

':i~'U'U'YI 1 ':i~'U'U'YI 2 ':i~'U'U'YI 3 ':i~'U'U'YI 4 

fl111J'HinU'Il'U 'H'U l'IJtI'I~'U(Bd) X* X X X 
~ 

ml1Jtif'U'1'U~'U X X X X 

fl111J11l'Um~-')1'l(pH) X X X X 

ij'U'YI~fri\P1Q ''U~'U(OM) /** / / / 

... ... 0' 0' 
t1'U 'YI':i fJfll':i 'U t1'U(POC) / / / / 

~ 

1'Ui\P1':iI\l'U't1''1'H1J~(N) / / / /� 

~t1ff~t1i'ff(P) / X / /� 

i~U'YIffl~fJ1J(K) / X / /� 

Ufl~l~fJ1J(Ca) / / / /� 

...... 
U1Jn'U19W1J(Mg) X / / X 

d \11" I QI ,1,1 QI tI Q d , 'JI", 
\lln\9l1':iH 55 \l:l'H'U ~~11~'lf'U'I11~fl111J~~1Jff1J\l':iW'lJtI'I~'U'YI\l: ~':i'Uf1l':i 

.1"'.1 'JI' .,j ~.I i 0''''1' 'JI , .... 1 ...... .:, "'I ' ''' ... , , 'JIuruujeun 'IJ l~m1J'UlJ':i~ fJ'lf'U~'I1 ~t1fJl'l1JlJ':i:ff'YI1im~U~~fJ'IfJ'U\P1t1'Y1':i~fJlm~'U ums '11 

.1 i o'd, "'I , l d, : 'JI 'JI.1 d, 'JI. '" w 0' ,~' I 
use fJ'I1'U'YI 'Uf1l':il~l:tJ~n~'I1 'U~'U'YI'J1J'U1'H1fJ\P1'UH-:I 'YI ~'YIlffqJ~nllW X sun fl111Jll'U'U 

~ .. 
'H'Ul'IJtI-:I~'U fl111J;f'U '1 'U~'U ml1JI;j'Um~-')H(pH) 't'Jm~'U'Um':i '~Vi~'U ~t1ff~t1i'ff(P) Vi\l~lPi'tN 

'Jill) • 1'" • 1 "'I d i ... d 'JI 'JI'. 1w • 1 "'I d 
un ~'lJlJ':i'UlJ~'1 fltl ':i~'U'U'YI 2 ~1l'YIffI9W1J(K) 'YI\l~\P1t1-:1un 'lJlJ':i'UlJ~'1 fltl ':i~'U'U'YI 2 U~~ 

d d ,J"", ... I QI ...1.t!t,J ,J, QI tI 4QI " 
U1Jn'U19W1J(Mg) 'YI\l~\P1t1-:111n 'lJlJ':i'UlJ~-:I fltl ':i:'U'U'YI iunsreuun 2 ff1'U'lJtI-:lffqJ~nllW / tl-:lU1J 

" QI d do " " .t!I . I d "QI QI .t!I , 'JI
\l::t1~ 'U ':i :~'U 'YI1~ fJ-:I~ t1\P1 t1'1 fl111J\P1t1-:1 mr'lJtI-:I~'I1 U\P1lnll \P1':i m n \P1 t1-:1 ':i rnn ':i ~ ~'U 1i ll9Jtll'H 1':i~'I1 'H 

fl'ltl~~t1'l1 t.y;vih'M~'Uijfl111J~~1Jff1J\l':iwijv~tff1JV 
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100� 
8....69� 

86 70....5 70....5 69.89
65.91 

-, ,;: .... 60 
~
 

.'J~
 

;... ,~~
 

Q ...0�
d 

20 

0 

1 ! 4 

0' d 0' 0' .: '" ~ ~.1 " ~'" "" " ' fIl'Vt 26 111 {)'HCl1'U fI~11lJ~~lJfflJ\l'HU ~{)~'VfU'VImflfl'm'j 'Ul'UfI'Uf4~ fl1lJf)l'j 1'lf'VI~ 'U I'U'j~1.J1.Jfl1~'l 

11lJ1fJ111l9j: ~ll1ln < 1 - 20, ~121 - 40, 1l1'UnCl1~ 41 - 60, ~~ 61 - 80 llCl~ ~~lIln 81 - 100 jj 

, ='t .1 o'd 0'", '" 
11'U1fJ1lJ'U 11J{)'jICl1'UfI 'VIlJ1: 1Wl'U1 (2551) 

dllJ~1 .1"" 0' """ ,,~'il1nfll'Y'l 26 'iI~l'I1'U 1~11 f)l'j1J'j~llJ'U~11lJ~~lJfflJ\l'jW~{)~~'U ruseuurru l'lf 

~~'U1'Ut 1l111.J 1.J~ 1~'l 'Y'l1.J 11 If'U ~lnflfl'j1'U'j~1.J1.Jn1'j 1~~~'U1'Y'l1~1l ~nYJ'lfjjfi1~11lJ~~lJfflJ\l'j W' 

Q 'QI ... 1 tI d rI 0 4Q,I 

~{)~~'Ul'Vl1nl.J 72.73, 70.45, 84.09, 70.45, 65.91, 70.45 llCl~ 69.89 11J{)'jICl1'UfI fI1lJCl1~1.J IlJ{) 

"" d 1IJ~1 .1 o'd 0' 0' "~"'''''.I "'I
'Y'l'il1'jW1'i11nfll'Y'l 26 'iI~l'I1'U 1~11 11J{)'j 1Cl1'UfI~11lJ~~lJfflJ\l'jWfl1m ~1.J1.Jf)l'j I'If'VI~'U1 'Y'l1~1J~ n'Y'l'lf 

4 ~ Q I 0' , QI ... 1 rid tI 4 .d 
~~"!~ ~{) nlJlJ'VI 3 lJm~11lJ~~lJfflJ\l'jWI'Vllnl.J 84.09 11J{)'jICl1'UfI 'j{)~lJ1Cl~ ~{) 'j~1J1J'VI 1,2,4 

~ IIJ''''I "" 0' .1 o'd 0' 0'" 0',
llCl~ ~11 1'j/'Y'l'lf'Y'llW'lffJ 72.73,70.45 70.45 llCl~ 69.8911J{)'jICl1'UfI fl1lJCl1~1.J 'il1f1lnWC)'Jm~~1l'U'U 

~,~ mnrrmls ~lij'U'j ~~1.J~11lJ fJ~lJfflJ\l'jW' ~{)~~'U fl1lJfI1'j 1~ 25 'iI~ {)~1 'UlnwC)h~~l.J~~tl~~~ 
..9 "'I IIJ ~ I " .: '" " ~'" "" ~ .: '" v "" um Cl1~ tI {) I~11 I'Ufll'Y'l'j 1lJ~ {)~'Y'l'U 'VI mslnfl fI'j fl1lJ 'j ~1.J 1.J rm I 'If'VI ~ 'U'VI ~ 4 'j ~1.J 1.J II Cl ~'Y'l'U 'VI fll~ {)~ 

. " . 
jj1i 119j fll111'jYJ'lf{)~1 'U'j ~$lJVilll f1lfi'U'Y'l{)~{)~11lJ~{)~ rns~{)~ YJ'lf l'U ff1'U ~v~YJ'UViiJ1 '~'iI1nnn 

Q rI Q I rI QI 'Q QI I j/ -: tid tIils~llJ'U ~ 11lJ~ ~ ueu\l 'j W~ {)~~'U V~ 1'UmwC)'J 'j~~ 1.J ~ ~l 'If'Ul~ fJ1nl.J (iJ 1f1'U'U1 65.91 11lV'j 1Cl1'U fI 

" ~ .1 o'd 0'
llCl~ iJ -I t'lfffVfJ 70.45 11JV'jICl1'UfI) 

4Q "d IGJ~.d ~ v 11)14 Qd'dl 
IlJ{)'Y'l'il1'jW111Cl1'i1~l'I1'U11t'U'Y'l'U'VIlnflm'VI~4 'j~1.J1.JllCl~~11 t'j/'Y'l'lf'Y'llW')W lJm 

.1 "" 0' "" I': "" IIJ~ Id..9 0' 
srnms1J'j~llJ'U ~ 11lJ fJ~ u fflJ \l'j W~ {)~ ~'U 'iI~ ~ ~ n11'Y'l'U 'VIiJ 1 IlJ llflnmu Cl1 ~ ~1 llJ~~ u fflJ\l 'j W~ {)~ 

I " , "1 
Q .QQ' 4 d 9J 11) I a o'QI.?1 Q 4!1 1I) ... IGJ.Q Q 

~'U 'VIlJ ~ 1ff
~
~ ~ {) ~'Y'l'U 'VIInfl fI 'j II Cl ~ ~ 11 t'j /'Y'l'lf'Y'llW'll'fJ'U 'U11J 'Uf11 'j I'Y'llJlfllJ 1i1f1fll11 n 'Y'l'lfCl ~ t1J t 'U. 

" .
m~1.J1'U f11'j~V~f11'j f4i1f1YJ'lf~V~lnflmm l'Ull~Cl~~f~~{)~f11'j l'Y'll~llCl nYJ'll' lijV~ 'il1'j W1U~ Cl~9i1 

~ 
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~'lfi1;1~ml1J~~mnJ\!'jtU'U'f)~~'Ui'U~'U~!fnlm~~ 4 'j~1J1J 'Vl1Jl1 ~'i1i1;l~1J1~1'i1'f)~i'U!ntuCl1~ 
'Ji.. .1"'.1 'Jilil i 'Ji 'i '" d lil 'Ji I .1'" I '" '1 'Ji ,J

'il~~'f)~1JnWIJ'j1Ju~~un ~'U 'I1'f)~ 'U'j~~Um'l11J1~ff1J ~~un f11'ju'j1JfI1 pH 'U'f)~~'U ~'I1,,!~'U'U u,,~ 

f11'jtJi'1JtJH• 11'1 H ff~ 1~'U 'f)~~'U!~'f)"~1'1111J'I1'U1Utl 'U'U tJ~~'U i'U f11'jffmnf11'j i .jf~~'U 'U 'f)~,j'1'U~'U 

~~'Vl1Jl1 'j~1J1Jf11'ji~~~'U~i'mn'j~~1J1'1111J~~1Jff1J\!'jtU'U'f)~~'U'~~ fi'f) 'j~1J1J~ 3 fi'f) f11'jtJ~n 
..:!I Q.I d <d ~.d I ='t' Q.I .... 1 ~c:$ ~.&i •
'Vl'i1Hn~"'f)~iJ'I11J'Untl'U'Vl'U'YlUm!u'UutJ"~t1'f)t11'1111J"1~'If'U 12 - 35 !u'f)'j!9f'U~ 9f~ umrmms• 

" " I ,...1 .:!I Q.I dd i w '" i .:!I d ... 1 .:!I d , i 'Ji"'"
!'Vll~u" n'Vl'lf" nll tu~ 'Um ~ t1~ nm 'Uf11 'j'Vl n~'U 'U'Vl 'U'Yl!'Vll~ ue n'Vl 'lf~ n 11 'j ~1J 1Jf11 'j 'If'Yl ~ 'U'j ~ 1J1J 

OJ OJ 

• I I I ", "I iI 
... t w i ~d Q d d d 0 Q.I QI .a a do Q.Ia.a 
'f)'U'" U~t1~~lm~1J1Jf11'j 'If'Yl~'U 'j~1J1J'Yl 1 u,,~ 'j~1J1J'Yl 2 1J'illn~'U'f)~"nlltu~'Vl'U'Yl 1'1'f) 'Vl'U'Yl'Yl~ 2 

" I I " " 

'j~1J1J 'il~!~'UVl'Ufifimfftl'l11i'Uf11'j!'Vll~tJ~nVl'lf ffl1J1'jt:ltJ~nVl'lf'~!'wtl~ 1 - 21'1i'~~'f)iJ ilseneu 
Q.I .: cSd Q.I ,. .d J, d QI I tI c:$ tI
n1J'Vl'U'Yl)J1'1111J"1~'i1'U ~~mij'Vll~ 'j~1J1J'Yl 2 9f~1J1'111)J"1~'lf'U1J1nn1l 35 !tJ'f)'j!9f'U~ U,,~ 

~ , 
1J1~'j rm 'f)'4i'mr~'UU"~tJl'1Jffl1J1'jt:li ~'~'f)~l~!~)JtJ'jdY'Yl~fl1'Vl !ij'f)~'illmnll~'j m '1Jijf11'j~U" 
QI Q.I tlCll : 'j) .. 1 J, QI' _94 Q.I "" Cll 111 l"l 1 

'j nll 1'j~ 1J1J 'f)'4 'j nll ~ 'UU" ~'U 1'j 11J '11 qjl UHn 9f~ 'il~ ~ 1'i11tlU 'f)~ nu f11'j'lf~m ~'11 'U1~ 'U &1J &'11"" ~ "! 
" I I " I ioI I a do 0 i'Ji i"d.e::::t. d Q.I.a d... 1 i .......�.di .e::::t. 

'Vl'U'Yl~1 'il~'Yl1 'I1'j~1J1Jf11'j 'If'Yl~'U 'j~1J1J'Yl 1, U,,~ 2 U"~,,nlltu~'Vl'lf'Vl'j'jtu'Ylunl'1'1)J~'U 'U'Vl'U'Yl1J 

'Ji dI. i 'JJd QI v QI " c::a.' i 'j).:i Cll .do
'U'f)t11J1n 'il~'Yll 'I11J'f)~'jlf11'j'lf~"l~'Vl~'Yl"lt1'U'f)~'I1'Ul~'Uff~ml'j~1J1Jf11'j 'If'Yl~'U 'j~1J1J'Yl 3 U,,~ 4 

OJ 

Ji .: d ~ QI ~ d QI v y J ItS 'j} d 

!'U'f)~ 'illn'Vl'U'Yl'U 'f)~'Yl~ 2 'j~1J1J" nlltu~'il~!lJ'U 'Yl"1~'If'U'U'U l'U t111~11J'I11t1~'UH~ mU1J 'il~)J1'1 111J 

m~ojf'U i 'U~'U ~~~1)J U~'j~t1~1'1111Jtll1'U'f)~1'1111J"1~!'Yl'U'f)~~'U ~ 'il~i'U nl1'j ~1J1J~ 1 U"~'j~1J1J~ 

2 ~~vh i M'f11'j 'lf~~1~ i 'U~'U~,r'f)t1n,;h tJ'j~n'f)1Jn1J i 'Uf11'j!~~ t11JU tJ"~!'Vll~tJ~ n'U'f)~lf1llm m i 'Uu~ 
~ .I",J .1 & ... lil 'Ji I ~ .. "'.. dI d 

,,~m ~'U 'f)~ rnnm~ u ~ n 'il~1J f11'j'U'U Uu" ~'U1l~~11J1'111)Jm~!'Yl 9f~ t:I 'f) &~ 11!lJ'U 'f) n 1Ii f11 'j '11 'U~ 'Yl 'il~ 

GJf1tlil'f)~n'Uf11'j'lf~~1~~~'Yl"1t1'U'f)~'I1'1!1~'Ui'U~'U~~lm~1J1Jf11'ji.jf~~'U 'j~1J1J~ 3 uae 'j~1J1J~ 4 

lil 'Ji w dI 
&~'j~~1J'I1'U~ 



, 
'UfIfI"" 5 

~ ~ ... "" ""......1'il1fHH'l fIl'H1f)'lllfl111J~~1J ff1J\!'HU'lJV.:I~'U.fl HI l~fIl'i I 'll''YI~'Ul'rn::lJ \1f1U1.J1J 
II, II II 

l,r1J,r'U1'UVl'UVi~1Jil1'IJ'U l~~vtJ'lJv.:Iq1JihU1jU1J::~V'UtJ'U t11l.flV'ilV1J'YIV.:I ~.:I'H'i~ l;tJ.:Ihl1i hwij 

.... ~ ~.4~ ... """ ..r .. ,:, " ".r~1~fiI1J'i::ff.:lfl 1'UfIl'infl'lll l.... Vnfl'lll'i::tJtJfIl'iFH'l~UtJtJl'IJ1J'IJ'U I 'U .... 'U'YIq 1J'U1tJVtJ't1 1tJ~'UFN nfl'lll 

QI 4C:\'JJ fI ~ tit" A.cl.:, 'JJ 
fffltJm.... u ll:: nmurn.... ~ 'U ~ 1'Ufl111J~~1J nu \! 'iW'il1f1f1l'i f'lll~U uu1'lJ1J 'IJ'U1'U .... 'U 'YI q 1J'U1tJVtJ't11tJ 

".r ~ .1" " , .... .. ~ ... .1 
~'U f'l.:lU ll:: nfl'll 1f'lIIm::'YIurml....1::lJ \1 flUtJtJl'IJ1J'IJ'U ~V~'ll''U fl111J~~ 1J ff1J\!'i W'IJ V.:I~'U u HlJ 'i:: rru 

tI II tI, • I 

'il1f1f1l'iflfl'll11~tJfli'.:Ii1 ff11J1'iflffl1Jti1v't1 1VilntJ1,rV.:I mnmt1off1J 'i:: ltJ'll'uVi~'U 'lurnn....1::1J\1f1 

... " "..... I " ".r 1".... .: .... 'll'm1JfIl'i I 'll''YI~'U reu tJ~ 1.:1'1 'lJV.:Ilfl'll~'imtJ1'U~'Uf'l.:lffl1J ~~.:I'U 
, 

.., ... , SI.:t.Ao .... 1 ~ ~ 

ftnUII1'Vt'Utl.:l1::tJtJfl1'UnUIg)1111::tJtJfl11 'lSfI~'" 'illnms lJ 'i:: l1J'U 'i:: uum'i f'lll~ 

I ~ ~'GJ tI QI cs , .d GJ ".cl~ 
.... tJ11 'i::tJtJfIl'if'lll~ 'i::tJtJ'YI4 V~ l'UlfIWtyl'i::~tJ1J1'UflllH 1Jmt1.:1"I~ 9f.:l'i::tJtJfIl'i 1'll''YI~'U'i::tJtJ 

, tI , II I I tI 

Vi 4l~'U rrmla flVl'll'~fI~llv~t11~tJ1J llfll~1JVl'UVilm::l~'UVl'U ViVimfftJ'i::u Utimi.:lill f{fI'llW::fl111J.. .. 
...., ~ d ~ ..r .. ~.. ... 0 , ..r ...: ....r 1. 1

111~'ll''U'i::'t11H 12-35 l1JV'il9f'U~ nm........ 'U'YIllJ'U'YI1l1~l'll'.:Il'IJ1 ~lU't1'U.:I'lJV.:I .... 'U'YI'U'iI::m'UV'IJ'U lJ 

Acto o.dQl l.clQl Q otJ 'JJJ~ tJ o'JJI 

'il1f1.... 'U 'YI'YI1'U 1~ 1 9f.:lll fI'llW::.... 'U 'YI~.:I nrrn 'iI:: 'IJ'U 1'U ~~ tJ11~ 11J 111't1 1tJ~ 'U f'l.:l'YI.:l ffV.:I'lJ1.:1'IJ V.:Ill1't1 1tJ 

.cl Q ''1 tI QI ~ 
'iV.:Ill.:llJl 'i::tJtJ'YI 1, 2 lm:: 3 'i::tJtJfIl'if'lll~V~ l'UlflWtyl'i::~tJm 

I II • tI 

lijvfi'il1'iW1~n1tJll::lVtJ~'il1f1~1;1~9i1.:1'1 .... tJ11 'i::tJtJfIl'il-r;Vi~'U't1.:14 seuu . . " 
ij,rV~lti~'lJV.:IfIl'i 1-r;Vi~'UViu~fl9iHti'U ij~.:Ii1 

II • II I , .... .. 1~ '.... ""......\ .. 1" I ..llfl'llw::'YIHfIltJm.... 'lJV.:I 'U'YI sun llfl'llW::fIl'i 1'll'.... 'U'YIl....1::lJllfi ~UfI 'i::tJtJ'YI 

.cl ~ A .cl.clcs GI tJ AI 1 QI: . cl AI cS 
1 Ull::'i::tJtJ'YI 2 ruu....'U'YI'YI1JfIl'i l'll'l.... l::1Jllfl.... 'll' ~tJmfftJ'U1N'UVtJHl~tJ1 ff1't1'itJ'i::tJtJ'YI 3 une.. 0 

,J .d ~ A.cl • : 1" ~, cl GI"A 41"Go' I •

'i::tJtJ'YI 4 9f.:lllJ'U.... 'U'YImfftJ'i::tJtJ'YIVff.:l'U1 rrnrum....1::1Jllfl.. .... 'll' ~ 2-4 flH~vtI 1'll'.... 'U'YI ~~llV~ 
tI I , .d • 

't1.:1t1 ihlM''ivtJ"fliil1111UfiiriW1::1J\1f11'U'ivtJ 1 t11J1f1f)1irfililiiTiw'i: 29f.:l'i::tJtJVi 1 une 2 
II tI II , 

erurnm....1::1J\1f1Vl'll'1j(ut1 1-2 fli'.:I9iVtllfhu'U 1'Uri1'U'lJV.:Ifl111J1l1~i'U'lJv.:IVl'UViijfl111JU~fl9i1.:1 

ti'U fiv 'i::tJtJ~ 1,3 une 4 fl111Jll1~i'Uvd'i::'t11H 12-35 l1JV{l~'U~ u9i'i::tJtJ~ 2 fl111Jll1~i'U 
... .1 ~ d ~.r 1. 11fI'U 35 llJV'i19f'U~'IJ'U lJ 

, , 1 d .4..." ".. 1~' ...... "d
U~VtJH 'ifl~11J11JV""'il1'iW11'Um""'i11JU1l1 'i::tJtJ'YI 4 'iI::m'U ~1111JfffltJm .... 1'U 

. " 
fIl'i f'lii~~Vitl~ ff11J 1'ifll.... 1::1J\1f1Vl'll'1j(~llV~'t1.:1t1 u9i~l1JV.:I 1'UU~fl111J~~1Jff1J\!'i W'lJV.:I~'UU~1 
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.:::l d .;. d vA.d d 'jI 'J/ I 4 1 1 let A .d 
'j ::uu 'VI 4 11 ntlJ111111fI 1'U tH \11 fill fIl 'j , '11 'Vi 'U 'VI L't'il::1J~ fI'VI1'111 'I 'U U" ::~ t'l1'\Hl.:J ~ tI 11 11 fIl 'j 'Vi

QI

fI'Vi 'U 'VI 

oi, , ~ ""'" 4 ,""',,,
llIti C]f.:Jff .:JH"~t'lfl1111~~1I ffll\!'j W'ltN~'Um.:J~l'UfIltlfll'Viflt'l fl111111 'U 1U'U'U 'It'l.:J~'Uflt'l'U'IH~.:J 

4 Qld,. Q1 d 'GlG'.d 4 .J
li1~m111'j'Vi'l1m.:J~111f1lff.:J1f1'U 1J~111m'j1.:J 56 C]f.:JU~fI~l.:JfI'Ufll.J'j::mJ'VI 1,2 UrI:: 3 flt'l 'j::1J1J'VI. ~ 

4 d tJ 0 QI ~ A .d ~ ~ AddQI QI: .. I 0' ,,""
1 1'U t'l.:J \'I1f111'1t'l \'I1f1~'VI H~l1'U "fill W::'VI1.:J fIltlfll'Vi'l t'l.:J'Vi'U 'VI C]f.:J11.J 'U'Vi'U 'VI 'VI tllfW'U 1H'U m 111111"1 

QI dQ 1~ d d ,. d tJ 0 didI aJ

''UfIl'j'Vifl'VI~'U tl'U1'Ufl11'j::1.J1.J'VI 3 u"::'j::1.J1.J'VI4 'Uff1'U'j::1.J1.J'VI 2 'It'l\11f1~1I111f1f111 'j::1J1J'VI 1, 
tI, II II 

3 UrI:: 4 flt'l fl1111"1~~'U~.:J ~'UVimffmhA'U 'j::1.J1.Jt'l'4i'mr~'UU"::il1'11~fIl'j~u,,i'fllI1 ,h',f 

1J'j ::ff'VIn.fI1'Vi''U nn {I t'l.:Jn'U rm '11:: 111.:J~.:J'VI"lt1'1t'l.:J 11,r 1~'U~1111f1 1rlt'l~ \'11 'j W1\11f1.f11'Vi 25 

0' d 0' tI.Q 0' d 0' d I I QI QI d 14 tJ 0 QI d 
11J t'l'j 1C]f'U ~fl1111 ffll \! 'j W'I t'l.:J~ 'U 70.45 11J t)'j 1C]f'U ~ C]f .:JfIl1 'VI 1fI'U nu'j:: 1.J 1.J 'VI 4 U~ 11'1 t'l\11 fI~ 'VI 

,II , I I I ~ 
I QI QI do , QI j/ d d tld.Q d. I 411!1 do

U~fI~1.:JfI'U1I1f1~.:J'VIfI"11'1'U~'U U"::'j::lJlJ'VI 3 lIf1l'j''I1'V1~'U'VI111111::ffll fI"11f1t'l 'j::1J1J'VI 3 1 'U 

, ,,~ .,l "" ~.,l 0 ,""" ,., ~ .,l 0 , " A I ~ d ~ fIl 'j 'I1'Vi 'U 'VI1'Vi1::1J~ fIU1.J 1.J 11 ~ 'U11tI 'U 'Vi 'U 'VI m 1111 'j:: t1::11" i 'U fIl 'j 'Vi fI'Vi 'U 'VI m 11llJt'l'j1C]f'U ~ fl1111 

~ "'" "", AI ~ d ~ .,
ffll\!'jW'It'l.:J~'UlIfIl~.:J"l~(84.09 llJt'l'j1C]f'U~) ~.:Jfll'Vi 25 

J... ';..l 11I..l... 1 
tT01'Um'Wflll'IJ~~'lJtT'IJ\I'W'Uf).:I~'U'Utl.:l'W'UtllflllPl'P11'IJ'::1J1Jfll' 'VYI~'U ~t1 

rm 1~1.J~1t'l VH~'U~ 1m::1.J ums'loN~~'U 1~t'l11m 1:: l1'ffll ,j~'It'l.:J~ 'U 1~lltl nu,j~'VIHfIltlfll'Vi 
II II • I 

U"::ffll,j~'VI1.:J1f1ij'lt'l.:J~'U 'Vi'lJ'h 1i7t'l~'U (soil texture)''U~'UVi1f1l1~'j~ll1f1l'j'oNVi~'U'j::mJ~l.:J'1 
II 

1~'U1'\1t'l~'U111;jtl1fl111111'U1mj'U'It'l.:J~'U'j111'1t'l.:J~'U(bulk density, Db) fl1f1111111'U1UU'U'j111'1t'l.:J 
II • • 

~'U' 'U~'U Vi 1fill ~ 'j ~ 111 ms'loNVi ~ 'U'j:: 1.J 1.J~ 1.:J '1 'Vi'lY:l1 fl111111 'U 1UU 'U nll 'I t'l.:J~'U t'ld' 'U 'j:: ~1.J 
, II I I I 

flt'l'U oU'H~ilo.:J1J 1'Unn H , 'U ff1'U 'It'l.:J~'UViil1 1~ fl111111 'U 1UU'U t'ld' 'U'j:: ~l.J~ilO.:Jflt'l'U oU'H~ 1 

A. ,A ld .:tl~' tid tl41".Q

fl1111'11'U'It'l.:J~'U (soil moisture) 'Vi1.J11 fl1111'11'U''U'Vi'U't11f1l1~'j lIf1l~.:JU~ 14 - 211tJt)'j1C]f'U~ (It'l ~ 

11f11111;i''U,'U ~'U~ 1 1rlt'l.:J \'I1f1vt'l1'Vi'j'j W1JflfI~lI~'U ij,rt'ltl ~.:J~1t1~t'l~tlJ1 fftlfl1111;i''U, 'U ~'U fl1111 
II • 

l~'Um~-~l.:J'It'l.:J~'U (soil reaction, pH) 'Vi1.J11 fl1 pH ''Uvt'UVi1f1l1~'j t'ld''U'j::~l.Jm~~~o.:Jm~ 
II • 

1J1'UfI"H ''Uff1'U'It'l.:Jfl1 pH ''Uvt'UViil11~ t'ld''U'j::~l.Jm~~~O.:Jm~1J1'UfI''H tj'U't1~61~~''U~'U 
II , II • 

(Soil organic matter) 'Vil.J'h fl1tj'U'VI~ t11~Q ''Uvt'UVi1f1l1~'j t'ld' 'U'j::~1.J~.:JO.:J~.:J1I1f1ff1'Uvt'U Viii11~ 
II • 

t'ld''U'j::~1J~.:J1J1fl tJ~1JlW Permanganate Oxidized Carbon (POC) 1J~1I1W POC ''U~'UVi1f1l1~'j 
II • 

fl1 POC t'ld''U'j::~l.JtJ1'UfI''1.:JO.:J~.:J ff1'U POC ''Uvt'UViil11~ t'ld''U'j::~l.J~.:J 1J~1I1w1'U 1~'j1\1'U''U 
II • 

~'U (total nitrogen) 1J~1JlW 1'U 1~'j 1\1'U''U~'U'It'l.:Jvt'UVi1f1l1~'j t'l,l, 'U 'j::~l.Jff .:JO.:Jff .:J1I1m'ti'U1~t11nl.J 
~ ~ ~ 

II • • 

4 ""i1 1"A.! A.!" "" ~ .1 1 ~'4 , AI"'" • .1 A.!'"'Vi'U't1 1 11 Ttt'lffTtt)'jff't111.J'UlJ'j:: t1'11'U~t'l'Vi'l1 (available phosphorus) 'Vi1.J11lJ'j1l1WTtt'lffTtt'l'jff 'U 
II " II • I 

4 "" "., o.d/ A.! A.!'" 4 ""i1 1" " ., 0 .d/ AI
'Vi'U't1lf1l1~'j t'l~ 'U'j::~1.J~lm~.:J1I1f111l1::Ttt'lffTtt'l'jff 'U'Vi'U't1 1 11 t'l~ 'U'j::~1.J~1111f1(1.:JlJ1'UfI"1.:J 

t , II I 

1'ViU't1ff1~t1l1Viu"m1J~t1'U 1~ (exchangeable K) 'Vi1.J111J~1I1W 1'ViU't1ff1~t111 l'ViU't1ff1~t1l1''Uvt'UVi 
" .,.d/ 1 "'" 1 d I 1" " cal ~ .f:Q d cI

1f1l1~'jt'l~ 'U'j::~1.J~.:J(I.:J~.:J1J1f1U":: 'Vi U't1 ff1C]f till 'U'Vi'U't1i11 11 t'l~ 'U'j::~l.J~l(1.:J~.:J UfI"lC]ftlll't1 
• II • 

u"mtJ~t1'U 1~ (exchangeable co 'Vi1.J11tJ~1JlWUfI"1~t111' 'U~'Uvt'U Vi1f1l1~ 'j t'ld' 'U'j::~l.J~.:JO.:J~.:J 
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, , " I 
Q.cI.cI .. 14 "I tJ , ... I~ .cI.cI ,.... 4"uin Ullm.WlftJll'VlmlmumllJ L~ (exchangeable Mg) 'W1J11 u1111WUllf)lJlClftJll lJ~lJ'lJO~'WlJ'Vl 

, " I I 

mll~1 odllJ1:~1J~lil~tJllJf)"1~ ff1lJUllf)ijl~tJll 1lJVflJl1ih'~ odllJ1:~1J~lil~tJllJf)"H 
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d 91. tI QJ ..A: I
~Jlnm'iH 56 ~::m'U 1'l11f1111JfJ'l1Jff1J\!'iW'UV.:I'l'U'YI.:I 4 'i::'U'U V~, 'U'i::'l'U~ .:IfH 

.... , " ""~. "do" " ~.:I1J1n""'U111Jfl1f1111J~'l1Jff1J\!'iW'UV.:I'l'UfI.:IUfl 70.45 - 84.09 ltlV'ilClt'Uflfl111JfJ'l1Jff1J\!'iW 

do " A .ci, A tI A d 
(m.... 25) ~::L11 'U 11 'U .... 'U 'YILn'l!lmfl1~lnnl'itl'i::L1J'Ufl111JfJ'l 1Jff1J\!'iW'U V.:I'l'U ~.:I CIt.:lfl111JfJ'l1J 

ff1J\!'iW 'UV.:I~'U ~ .:Iil.:l~.:I1J rn , 'Uif'U~Ln'l!lmJ'U~::L~'U nl'i Lvi1JL~1J (input) li19Jm111'i.w'lf~.:I 1t1' 'U 
.ld ,o,JJ 4 Ql'dl -S d4 , JJ ad 
.... 'U 'YI1J 1nn11'Y11 11 li19J V1111'i.... 'If'U l.:1f111Jfl1~ .:Ifl.:l ~.:I 1J1n CIt.:Il.... tI.:I.... VfIVfl111JfI V.:Inl'i'U V.:I .... 'If'YI~:: . ~ 

~'l 1t1'~''Unl'il~~tyl9i'U 1f1'~ u~:::lijvfi~1'iW1U,i~:::~1~'lfiHf1'lfl111JfJ'l1Jff1J\!'iW .... 'U.;h 'UH~1 
~ . . 

~'lfij;1'lfl111J~'l 1J ff1J\!'i W'U V.:I~'U Vd' 'Ulnw cnn ~:::~V .:Iiinntli''Utli.:lii1i.:I~'U'lfvd' 'U 'i :::~'U n 

1V ' tI"" "",v.l,V,}!'" "'tI ' .dm1J1:::ff1J 'lun nl'i 'i'UfI1 pH 'UV.:I'l'U 11~.:I'U'U 11 mHfltI.:I'i:::'l'U 1'Un~l.:1(fI1 pH 7.0) CIt.:l'i:::'U'U 

v ..; "" ..; V ... tI'" 1 "" .1 11 1 ".1 ~ V Vrm 'If'YI'l'U'i:::'U'U'YI 1 u~::: 4 f11'iflV.:I1Jnl'i ru pH 'ltlnl'iL9I1J ~'U 'l n 1J'YI ~'U'U11 LlJ'U9I'U fI1 

'fll pH ~1 ~:::rl.:lN~m::'YI'U,iV.w'lf'U1.:1'1fij'lLm:::ff1'ifi'l!l'U1.:1'1fij'l~:::~lt11~ 'th'lfnl'iL~~tyL~'U'\JV.:I . ~ 

.w'lfnllty111 U~:::nl'itli''Utli.:l 1f1Hff~H'UV.:I~'UL.wV~'lfl111J11'U1U'lJ'U'UV.:I~'U't1.:1 4 'i:::'U'U hw 
~ ~. 

1J1mJ1'Ufl111J11'U1U'lJ'U'UV.:I~'U' 'U.w'UnLn'l!l9l'iiifllL'Yhti'U 1.30 g/cm" 'til'lfdlv~'Uii'liV.:I11.:1'If 
mnlflf:htIL'YI''U~'U 1~~ 1'ltlnl'iLvi1J6'U'YI'itl191q''U~'U'lfun~'U l'ltlnl'iL~1J~tlflVn ~tl11~n ~.:I~::: 
o , V ..., "clA 1JJ • d ell 1~ , c:,.4A 4 

'YIl 111n'l!lfl'in'i1Jnl'i 'If'YI'l'U 'lVtl1.:11J1h:::ff'YIlim.... U~:::m1J1:::ff1J''Unl'iL ....1:::tlt1n.... 'If ~VtlHtI.:ItI'U 

Sf , Sf...,
1. 'UtlltTUtlIlU::: l1n1JIn'tHJI'1n'1 

JJ tI Q dQl~ 
1.1 'l1'Ufl111JfJ'l1Jff1J\!'iW'UV.:I'l'U 1J'l.:l'U 

1.1.1 nl'itli''Utii .:Iffm....msmem.... 'Um~'U 1~un m'ilvi1J6'U'YI'i tl1f1q,lfun 
~ . . 

~'U' 'U.w'Unl.... 1:::tI'In.w'lf 1'l tlnn'~~tl11~n U~:::.w'lf~tlff'l l~'U nl'i'lf'll'lftl6'U'YI'i tl191q''U ~'Un 

~tylfftl'tI 'li1t1t1i''Utli.:l1f1Hff!l.:1'U V.:I~'U ,lfm1J1:::ff1J,iVnl'i l~~tyl~'U191'Uv.:I.w'lf 'Ii1 tiff .:I 1'Ui'n'l!l1 

, .l , "" 1v... .l • Q . v' do "" ~ V '" "" 
f1111J"l1J'If'U 'U'l 'U 'l 'l'U'U 'lf1t1L....1Jfl111JfI.:I 'YI'U'111lnL1J'l'l'U LlJ'U rnr ~'lnl'i 'If::: ~l.:1"".:I'YI n 1t1'U V.:I'l'U 

'''' V "" 1v 0'v' , "" 1v... , Q "" "" 'I , Vtl
U~:::'lf1t1'in'l!l111'U1'l'U 1 'YIl 11nl'ifl1tIL'YImnlfl 'U'l'U 'l'lU~::'lf1t1l""1J 'i::ff'YIlim.... t'Unl'i 'If 

~tlLfliiu~:::ff11J1'ifl ~'lnl'i' ~~tlLflii~.:I 1~u~::: 11Jl~'U t1'UfI'ilt1,itJ~'U ~.:I'i:::'U'Unl'i' ~~~'U~ ~::~V.:I 

tJi''Utli.:l f1V 'i::'U'U~ 4 ~iiilty111'UV.:Ifl111J11'U1U'lJ'U'UV.:I~'U~q''l1J1n 
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1.1.2 fll'StJi'UtJl~Um..nn:Uflij'\lfJ~~'U 1~uri fil pH '\lfJ~~'U ~~~lfJd''U 

ern.... ~ hhl11J1:: U1J ~')f~11iUl1J1HH~~qjl~U l;url'U tJn~1~ lrtfJ hY11~' 'U ~'U ~~:: 't;,tJ6ti~Vl 

U::l'V1'U fl111Jlrl'U m ~'\lfJ~~'U Vi l'M''S::~Ufl111Jlrl'U m~-lrl'U~ H '\lfJ~ ~'U fJd' 'U If)f.U en~ll11J 1:: U1J 

ilqjl11lrlv1ti1J1i1~ml11'S~')f~H '1 ~lrl'U.yhll1~fJ'\ll~Ufl11'U' 'U Um .... ~~'U lrJ'Um ~~~:: l11V1il 1~v 
, " - I "'.1 ... 1v '.1 .1 " ... 1 1 1 '" ,,'" "'1 '" Wi I .4rm ')fUl'SlJ'SUlJl~~'U sun \I'U'\l11 \I'U1Jl'S11l1'SfJ ~ 11 1J'YI ')ffJ~'Sl 200 - 300 n 11m1J / lOS C)f~ 

"'....1111"....... " I";'~	 ... ~."

fJf.UU1JU~ \I'U ~ 11 1J'YI flfJ ')f1VlU'S1JU'SHU1'U'YIl1J'U~fJn fllHlff1Jlf)U'S ll11::fll'S~~l1J11~ lHU'Sl~ 

...... 1 '" Q� QjJ Q"4'''~ I4..::1":'fl111Jl~HYl~U ~H11:: l1N11N11~'\lfJ~""')f~ l.... 1J5J1Jm'U'YI1'UlU'S1J~'U .... ')f l1U'\l~UH 'YI'U~fJ 

nm.... U1~~fJ1J U11:: 1-sflU1J11~~H'1U11::mUfJ1Jfh pH 'S::UU~ Hl11::4 ln1:l~'Smm'S~~::tJi'mil pH 

lrl'Ufl'U~UU'Sn 
" 1.2 ~l'U'S::UUfll'SNii~ ij~~ij 

" 1.2.1� fll'Sl~~V1J~'U''Ufll'Sl''''l::tJ\1n~')f''Ull~fli' l~v1iifll'S'~ 1(miin .� . ~ 
" 

~'U l1~fJ""'S 1'U ~ 1(llfl~ fJ~1ifJ'U l'U l')fii~mh~ h ~~11J it~ ffUiqjfl1'S ijmHl1n~'U LrI'Ufli'~m 11 

" " tJ'S::1J1Wfli'~11:: 10 - 151'U LrI'Ufll'S'li1V11~tJ~1J1Wl;1fJ1-sfl''U~'U'H111V')fii~U11::til~~1')f~')f~H'1 

1" .4 , "..;.... ..;.... .1'" w '='1.1 ~':";.4 .1d 
~ C)f~'S::uum'S ')f'YI~'U'S::UU'YI 4 flfJ m'SlJ\1n.... ')fNn~11fJ~lJlJ\1m~1J .... 'U'YI C)f~'S::uu'U1Jm'S 

l.... l::tJ\1n~')fmh~~fJlitfJ~ l1iijlfJfllU''Ufll'Sin~'UVil'M'ijll'U11tr1Jlti~m'S'S::1J1V'\lfJ~ 1 'Sfl''U~'U 

1~~lv ~~lrl'U~~ffltiqj1Jln~lf)1:l~'Sm~::~fJ~ih1 tJtJ6,j~' 'UlltJ11~l""l:: tJ\1n Ul1Jl'Smh 1tJtJ6,j~ 
" .. 

ddd .1'"1~ 
"l'J n 'U 'YI'YI1J rm l.... l:: lJ ~ n .... ')f 

1.2.2� fll'S'~Ul'S;hm""')fi1~~l~'1l'li'Ul1,j'n;1m........~.2 ll11::Ul'S1ri� 
, , II • II 

Of a 4 a ~ '" d , a d.o QI
111J11~ff~1""')f""~. 7 U11::fJ'U '1 l.... fJl1J'U ms 11~m'S ')fUl'Slfl1J'YI Hlf)1:l~'S 'U .... 'U'YI'YI1fll'S If)1:l~ 'S'S 11J'YI~ 

1r1'U n 1'S 11 ~ ~'U l'J 'U''U n 1'Sil ~~en1'SNii~ 11 ~ 1 ~ lrt fJijn 1'S'~Ul'Slfl ij'YI H n 1'S ln1:l~ 'S1n'Ufl111J ~ IIr1'U 

l1~fJtJ~1J1W 11im1J1:: U1JVi1' M'ul'SVi1:l~n~H1tJtiUN11 Nii~Vil' M'ri~ N11n'S::'YIU~tHI'\ltll""'\lfJ~ 

If)1:l~'S m 1111:: ~u ntl fl Vi l'M'ijm 'S U::U1JU1'SVi1:l' 'U ~ HfllVlrl'U 'S::V:: 11111'U l'U 1111::lti~ m 'S1~ uihv 

1~ ~~..f~ 4 seuu If)1:l~'Smijfll'S'~~mflm'UtJ~1J1W~1Jlmti'U1tJ 

1.2.3 fll'S~~m'Sff~1~')fUUUNU1JNU1'U tit:l fll'Sfl1UfJ 1JU1J11~ff~1~')f1~v;1 

iii� ~~'~il~~v~ijt:ld''U1i'S'S1J')fl~1~uri U1J11~~lrl'Uff~1~')f~l~vn11 ff~11i'S'S1J')f1~ l'li'U ....1n 

"" " 
U1J11~l11 U1J11~lijV'U U11:: l;1t:1 ~ii'U 'YI~6 ff~11i n1J')f1~ll1 ri 1ij~ lOS ~;1~t:ld~1vm'Sn'Uff~1~')flrl'U 

t:l1l11'S l1~t:lt:ldmffVU'U l1~t:I''U ~1ff~1~')f Vi1' M'ff~1~')f~lV lrl'U fll'S'li1Vfl1UfJ1JtJ~1J1f.U ff~1~')f 

~11J1i'S'S1J')f1~ ~~lrl'Un11 1n~ufHu1J~11'\lt:l~~~ij;1~ ''U1in1J')f1~~11iVil111[J~~U1~~t:l1J 

1.2.4 fll'StJ\'lnl1tYlUHn' 'UlltJ11~l""l::tJ\1n~')f'\l1'Hm1JU'U1fl111J111~l'YI 

'\It:l~lf'U~ 'Slnl1tY1UHnijfll'S l~~qjl~U1~'S1~l~1 'H ~~~n11~ 1 il'l 'U ~'U U11::u~ml'\l'U ~lrl'U'S lnHfJV 
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QI' 41!1 '41!1 I .:I Q , jI.c:t dc:"� 1 
1.1 'j::ffltl fltlUtltll111JVtl911'UltJ11'H)'nm11 lfl1::tJ'l'ltl 111Jfl111JU'U~UH1JtlfH 'lf1tJ'If::lWfI1'j 11n 

.:I : ilQ 0" .l Q ~ J "d 0 d cS QI I

CJf1J'UV~tll '91'ltl 'YI1'11fl111J 'lftl'u ~tll 'Vi 1J'Utl 11qj1UHfl1JfI1m91f1f1v 'Iltl1tl1J1fIl1.W'll fftJ~ fltl VtJH 

11 tllU,jtl ffl1J1'j otltl fl9i'l~Vntl'..fl~tlU01 nn tJ1.JlffJJeu ihu'Vi~~ltl 'YI1tl91:: fInu~tl ~~fln~lCJfl:: 

UndlV~ntlms'If::ftH~~ 't1 n ltJ11~l~tl 'I 11J~~, 1.J 'H tY1UHflffl1J 1'j f:I~ l1J II~ tl1ff~fIq 1JU1.1 n~t1 tl fI 
4 d' 'QI I Q 1 'JI~
'Vi'lf1J ff1tl 'lf1tJ'ifI'l:l1f1111J'lftl h'\'ltl 'l~l1tJ 

" 1.2.5 LfI'l:l91 'Imfl1'j ijfl1'jtli'1.JtI t ~11 i Vt]Un i'fI'l:ll'j:: 1.J 1.J V~ i'fI,.r~tllm::oW 1 

.� ". 
, ..fij1.1 'I :: iT't1 i tll'Vi'tl mr 'lf1tJ-lIV~ ntlnu 'If::a'H~~ 't1 n ltJ'UV~~ tl l;jV~ '11flfttl nlfl'l:lm ijfl111Jn 1~ 

... ..6~~o~ o,'JI...... "'1'J11 l' 'JI"',
'lftl CJf~l1Jtlff~'Ill1Jtl1Jlf1l'Vi'jl::'I::'YI1 'H1fI'ltltylfftJ1il~m111'j'Vi'lf 'l 'ltJ'Ilf1 'Hn1.J1'UV~'Htll~tl tl 
" .� .'" ...� ,~ ...... 

'Vi tl 't1lfI'l:l91nJrne1.J 1.J fI1'I 'II"'t1 'l tl . . . 
o� tid I ad" 0

1.2.6 lfl'l:l91'jfl'j fl1'jtllf1111J 1 't1'11f111tl1tJ't11f1tJ 1'U Vsu u eu iu 1 

~,'JI, .: .J. ... n '"� ' ' '' t1'j::~fl91 'If u 'Vi tl 't11f1'l:l91 'I 1.J1f1fl1.JtI'j:: nurruw tl rnrt1~ fI'Vi'lf'U V~1f1'l:l91 'I ns U91n::'I ltJ fl1'j 1JfI1 'I 

I 'JI '" ,.,j 'JI '" I... , 'JI'" 'JI , , 1.1 '"0

CI1tJ't1V'lfl111J111'jVUtl::tllUfIl'ViVtl1.J1tl11'jVlfI'l:l91'j mttl11 n~ 111Jfl111J1'U1 'I tl rm1'Vi1:: \'IfI'Vi'lf 

del d ~ ~ , 'JIti 1 d'dA 1'J1 I "'1.1 Q c:,A 4

't1'lUn::1JfJWtll'Vi l'ViV't1'1::ffl1Jl'jf:l 'If 'I:: tJ'lftl't1'ltl ~VtJH1J 'j::ff't11itll'ViUn::tJ~tJtl 

" .. "..." <4 ..., 'I'� 1.12.� "tllatulII\.I::1rlfl'UrI\.Iltl '11\.1Q\.Itl'Wftl\.l 11fI'Hfll1r1D1 '1,,\.1&1 :: 

I ""'JI 'JI,'JI'" , .,j ,'JI'" ,'JI
2.1 ff~1ff'j1J 'Hfl111J1 'Hfl1.JlfI'l:l91'jm tll'jV~'UV~fI1'j 'lfffl'j1f11J't1Hlfl'l:l91'j mr 'If 

:1 ....J. 'JI , 'JI11!l ... ... , 'JI'" .J. ~... , .­
~tJlfl1J 't1 ~ fl91 V~ l111Jl:: au 11,f:I ~'Vi'l:l fW'Ilf1f11 'I 'lfffl 'I1fl1J't1 H nu1f1'l:l m nruuVtl91'IltJ91V1J~'l:l tJ 

• " t� , 

un:: iT~mri91~ 1~"l , 'Ufttlnlfl'l:l91'j un::'..ffilUtl::~l'u fI1'j'fffl'j fltl 't1i 6:jhtll'Vi'lfU'l~1~"l 1ftmrltl 

'JI , ... '" 
fI1'In 'l91 tl 'VJ u u fI1'I F'4 n 91 'Vi 'If ., " , .... ''JIo 0' 'JI 1.1 4 A 41!1 d QI 4 d

2.2 ff ~lff'j uune 11f11Utl::tll tl'lltlfl1'j \'IfI'Vi'lf'lftl 'lVtl"l 't1l111Jl::ff1Jfl1.J'Vitl't1 

1~ m ~tl ms1vi1J'lfV~ 't1 H li1VfI' tl rm t1\'1f1ft'lf~11nltJ'H nlf1 l~tl fI1'j -lI v~ntl '~'..f F'4n F'4a91ij 'I lf11 

91f1~11~V~'Ilf1F'4nF'4a911Jlf1~ltl1tl1Jlf1lntl 11.1 

I ... , 'JI ... 1.1 'JI.I , .: .J.
2.3 ff~Lff'j1J 111f1'l:l91'jm1JfI1'j \'Ifl11tylUf'lfI tl'Vitl't11f1'l:l91'j'U1HUtl1f1111Jnl~1't1 

. .� " 
1ftVn'lfl1'I tltydYtJ11~l~'Uun::ucj 1i1~nijfl111J ~11r1tl~VfI1'j l'I~\yl9i1.J 191'UV~ft'lf 'I 11Jn~ fI1'j 1.1 tlflft'lf 

U1.J1.JV~ i'fI,.r~tl 1'lftl fI1'j t1\'1f1ft'lfflq1J~tl fI1'j t1tl flft'lfU1.J 1.J ffll1.Jft'lf fI1'j 1.1 tlflft'lfl11~V1Jqt11 ~tl ~tl 

~~Bv 1~':h ii fI1'j' f'HtY1UHfIl~tlii~ijfll'f~ltJ'~tl~ 1Jlf1 fl1'j ijfl1'j ff ~1 ff~1J' ..f1f1'l:l91'j mtltl fI 

11tYluHflmh~'I~~~~ 
"" ,,, 

2.4 fl1'j ijfl1'j ~'l't;''j::1.J1.JV~i'fI,.r~tlun::~lU1.J1.J,j'tl,j'tl 1 ~~tl ~ V1U V~'Vi~ V1J n~ 
'JI. 1 , ~ ~ ....,j 'JI1 ... ...... I .:

1.1 \'Ifl11 tylUf'lfI tl'j:: 1.J1.J11Jtl 'Vi ';j V1J"lfltl l'ViVUfI 'Ui:lty111f11'j'Vi~ 't1 n ltJ'UV~'ltlun:: 'ifI'l:l1f1111J'll1J'lftl 

o , 'JI'" , 'JIti 1 d'.dQ kJ" • c:, 4 I 1 d 0 d'Q : A.ct dt� QI 

m 111JfI1'j 'If 'I:: tJ'lftl't1'ltlL'lVtJHtJ~tJtl U91VfJH 'jfl9l11JfI1'j't11'j::1.J1.JV~'jfl'l:l~tlUn::tll11ifln fI 

iji:lty'H 1 un::fJtlff'j'jfl flV ijfll'f~ltJ'tlfl1'j~'lViltl ~V~fI1'jfl1'j1m''I' fftlun1Jlf1 lfI'l:l91'jmv~1~~ 
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II I 'I JI 

tlfltWfl1Ji'iJ'J:: uu m~i'm:r~'UU~::U1 'H t11tJVitfhn~fl-:jt11'Jvh;'t1111Jt ~11 ~Httitfill~'J 1'"1Jlfifi';hij 
II 

'J11J1M'tfill ~'Jm ihid'Ui11J1'U nl'J ~,,'t;''J::iJiJfl'4i'mr~'Uu~::U11tJ~1tJ 



mll.w~'Ul~~'U. 2545. m1tJ1tJtJl:J1l1l:J~u~-;mtlUfl1rrj'PlQ.~ijtll~WIU'l~'\ltl~i'!. 
II • 

fl~lIV'U't1i ~191Qllll::1ff~m~tl1~ fltl~m~i'm:i'~'U llll::th mll.w~'U1;;~'U. 192 'U. 

mllff~lffillfll·Hflll91'i. 1I.lJ.lJ. fll11Jt2~1JtT1J\l101'Ut).:l~u. ['i::tJtWtl'UilltJ]. Imri~~111 

http://www.doae.go.thlni/din/din/_21.htrn. (7 mflQlflll 2550). 
I , 

Q Q Q ... 1 ... 1 u ~ u 4 ~~, ~ 

'\l'Ull!1 1~'ity'Wl'U'll'. 1I.lJ.lJ. '-U:I'Utl,:m11~~m1f1,.:um:IPl1IU1::tJtJlm:IPl1rJ·UJUfl1JPltltT1JtJPl'U8.:J 

A c: ClIc:1A ~ A Q Q tI Q 1 Q... Q

~uua::tT.:J1J'Il'lPl LU~U. 1't1tll'U'W'UtilJ'itytyl 't1. lIM11't1mll~lIM'lll. 258'U. 

tI Q dQ _I etA 4 V Q tI ~ d 0 CI' Q tI
flWl~1'i~mfl1'll'llJ!'W1't1tll. 2544. ug'ftlf1rJlltJ8.:JPlU. 'WlI'WflH't1 9. fl~~l't1'W..,: ffl'Ufl'WlI'W 

Q... " 
lIM11't1~lllVlflll91'ifflff91'i. 528'U.� 

d tI ~ U A III tI I d� 
'll'lll 'U111~Ifl'jl::M. 1I.lJ.lJ. unn z fl1'ftrJltl1~U. ['i::tJtJtltl'U lll'U]. llMll~'t1111 

http://www.g1obethailand.ipst.ac.th. (10 mflQlflll 2550). 

Q tI QI d Q QI QI GI 

'1r~9191 ff~1'U't1'i'Wtllm, ll::ltl~'l ff'U~lff'U, 'Ut)lIll ~'U't11'lf'ilm une ~'Wml 1J91'i'Wll1~. 2547. 
• II • 

fll'illJi\~'UlllJll~ffll,j~'\ltl~1'UVl'U;;lJ~flr:rflV'U't1itl'\ltl~ lflHfll'iMll1~. 'U. 111. l'U 

"a.:Jlul~rJ\JauiTfl1.:Jm1,un.:JtJ1::~hil 'ft.t1.2547 
• tJ , tI 

(J1ll fl~CVIfJll. 2540. ItlllPl1U.:JGU m1~~U-~rJ. Vill-nfli'~;; 1. 'U'U't11Ji: lhUflVill-ni'11~~1. 

mfl1'll'llJ!\11't1tllll'Hl1't1~1~Vlflll91'ifflff91{ 123'U. 

ti'U1~tJ i'9l'U(ll1'i, tU!1~ mll~::1'i'iW, tJ'i'i~~fffl~ .nfl~ 1m:: lJ'i::m~1'i'iW ~11-i~. 
4 4 QltlQI Q d QI Qld 

2539. 'i::tJtJ'W'll'Nffll Nffl'Ul'Wtlfll'itl~ 'iflll't1'i'W~lm'l'U tJ'U't1~ ~ ~~ M1'l l'll'~~'i l~ . 
.. I I

'I cu • _.I 4 cu ... 4 
'U . 154 - 159. ill m1tT1J1JU11::tJtJm1f11n111J fl1.:JfI 11 11tl.:J 1::tJtJltlllPl1tl111J 

" .
4 ... J! cu4 "Q

l'fttl1tl1l9l1tl1 tT.:JU1~gtl1JUa::fll11JrJ.:JrJU. m1l1'll'lfll'i lflll91'i m ::'t1'i1~ lflllmllll::ffMmw. 

'U~fl'jlty fllty~'UlJ'i::lffi!. 2529. m1fttllllatlllw::1U~\lrJ~thftt;y'um1,"filUlm1'Utl.:J~uua:: 
U A U U U ~rr d u _IA4i' J A ,:, Q Q tI 
t1tlrJll1'ft'Utl.:J~UtlU~tJtlan LGlJatTUa::8UIClfuPl LClfatTtJ1I1wq1JU1U1Jtlatl.:l. 1't1tll'U'W'Uti 

lJitytylltlfl. 11M 11't1tll~~lflll91'ifflff91{ 483'U. 

QI tI q I tI '4 -. JA 4 d GI I Q GI Q 

'U~llflllW \l'i::W::'W~ll. 2537. t11Jtlm11Ifl11::,,~uua::'ft'll'. l'll'~~ LMlI: mfl1'lfl't1'i'Wtllm'l'Ullll:: 

#~1l1'l~tlllflW::Nii91m 'iumr lflll91'i 11M11't1 tll'tlVlI1H~. 268'U.� 

'4 ... 4... .t1 Ji v _I� 
_____. 2548. t11Jtlm11Ifl11::,,~uua::~rJltJtl.:l9lU. ltlflffl'ilJ'i::fltltJfll'ifftl'U 

mfl1'lfl~'U~~. l~~~1M~: flW::Nii91m'illfll'ilflll91'i 11M 11't1tll~VlI~1~. 78'U. 

http:U:I'Utl,:m11~~m1f1,.:um:IPl1IU1::tJtJlm:IPl1rJ�UJUfl1JPltltT1JtJPl'U8.:J
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Q,ftl~d Q,ftl :'OQ,l.CII 1 .... 
Hfl1'I~'U ~.:Jt'UtJ'U'U'Uli UCl~ Cl~mH 'Vi'I'l11H.:Jl::. 2535. fl1191.:J9111tJfl11Ji:r1fU 't't1'UtHi:rl1i:rfl~ 

4 4 "" U .ell.ell tI.:::to 1 Q QI CI 6t
~nfl'tJ1H~~&'t'ttl''V911Ufl11tlmi:rtJ. 1'YW1'U'Vi'UlitJ'Ityqp n, 1J'I111'YltJ1CltJt'lW.:J l'l11J.

I 

Q QI .:::to u,Q,c1 _1.Q,Q,c1 ...~ Q cI J J 
'Vi'Yl1ff ~ff .:Jffl. 2552. fl11't'tfllUllfifl11m1~fl11'U1~&1JUFnllfifl11,"1'U11J1WtlUTl1Ufll1tJtlU . 

T.... - <!I G1So1!'1 .... "'_1 ... 
,~u,"aflfl11'Utl.:J MnO4 Oxidizable Carbon Fraction &'t'ttl l'V&'UU~'VU'U1~&1JUflll1J 

4 ... GI _I 1 "" "" ".1"" 1 "".... "1"
~~1Ji:r1J'\I1W'Utl.:J~U lU'U1~&Tlft TlU. l'YltJ1'U'Vi'Uli lJ'I tytyl n. 1J'I111'YltJ1Cl tJU1J ~. 165 'U. 

QI tlQJ cf .ci ~".cl.Q _I ~".cl.Q' .Q 

'Vi'UlifffWI lil~l. 2550. Na'Utl.:Jfl11&tJaUUUtJa.:Jfl11 ''VTI~UUa~1'UUtJtJfl11l'VTI~U91tltJWIl1't't~U 

c1.c:1 , " "0 cI 0 4 u u ,
fl1Wftfll'1'"1JtJ1ua::&tJ1U1 911tJai:r~&UUU tlUfltl&1Jtl.:J ~.:J,"l~U1U. 

"" "" ".1"" 1 "".... "1"l'YltJ1'U'Vi'UlilJHyqjl n, 1J'I111'YltJ1CltJU1J ~. 113 'U. 

~'U'li'ffn~ lil~l UCl~fftli~l ~l'YltH. 2548. ij'Yli'ViCl'UtJ.:Jfl1'IttJ~tJ'UUtJCl.:Jfl1'I'~~~'UUCl~ 
... 1 6t ".::I.ell .ell " d 4I I "0 0 

~lJU1.J1.Jfl1'I l'lf'Yl~'U ~tJfJwm'Vi~'U 'I1\11.J1'UCl~t1.J1tJl ~l1.JClff~t'UtJ1J tllttltJt1JtJ.:J 

~.:J'I1i~t;tJ.:J' m.i. l11i:rl1&fll'911 23(2): 133-146. 

QlJ J .Q .ell tI~d. 
~n~l ~'Uff1ff~. 2544. flll1J~~1Ji:r1J'\I1W'UtH~U.'Vi1J'ViflH'Yl 1. n1.:Jt'Yl'Vi"1: 

OQlQ"l'" 1"ffl'U n'Vi1J'Vi m~ tJ'U ff ~ s, 368'U. 

t1J~ l.:Jffmrn, 'UltJiltJtm:I~'I ~'Uffm'U, 'UltJff'U~ iWl'U!l'U~ UCl::'Ul.:J~'Il.:Ji''lf~ ij'U'Yl::~~n. 

Vl.:J''U~m'Vi'I 't'j'Ylli lffn1:li tm::l'Vi h~l1' TItJ~lt 2545. 't'ttJm\'lu11Yi:rfJa',"1l'Utl.:JIen, 
, 

QJ .ell.ell" 

n1.:Jt'Yl'Vi"1: m::'Yl'I1.:J'Yl'I'VitJlmli':i':i1J'lfl~UCl~ff .:JU1~CltJ1J. 

'Ii i'~'Ulfl1J. 2548. Nafl1~TltJ'Utl~1yjgjtl~u'uill&P1~1~W ~TlU1UUfl~'V1Pi~tlUq&TI't't-~U. 

1'YltJ1U'Vi'U'li'tJitytyl1'Yl. 1J'I111'YltJ1li'tJttJ,jl~. 156 'U. 

'Il~i rrm, 2540. Tl1't'tU1fl1fi111J'V1Piua::a~Ul~«tl1J.~1J~flf.:J~ 2. n1.:Jt'Yl'Vi"1: 

lH~1J~ii'VitJ1~'Yli 247 'U. 

i~'Ul iltyqjl1JWff'I. 2551. tTtllUII1't'tflll1J~~1Ji:r1J'\I1W'Utl~Tl1't'tU1fl1~UII1U'A1tJUtJtJ 
... ... 4 ... .eIl , Sol Sol Sol _'I .... ....... GI ' 

fl11&fll'911&'V~'t'tlW'VU fl1Wftfll'1 '"1JtJ1U,"lUi:r1J'UtlU ~~,"l~&'VU~ ',"1J• 

.ell .ell tI...IQ 1 ....... "1"�
l'YltJl'U'Vi'UlilJ'Iqjqjl n. 1J'I111'YltJ1CltJU1J ~. 144 'U. 

QCI Q .c:I , 0 cI .Q c1~ 

1t 'lftJ'I tn~ ~'U . fl11ft fll'lNafl1~TltJ91tlq'UII1't'tmflfl11T11&fll'2546. 911&fl1JUa::&fll'911tlUTl1U&U 

u .c:t 4 "l tI I ,J
II1fl91~lUtltlmt1U~&,"Utl. ['I::1.J1.JtJtJ'U lCl'U]. U'I1 Cl.:J'Yl1J1 

http://library.hsri.or.th/cgi-bin/websis?from=san&shoW=679(14tl1Jmfr'U'li' 2550).• 
1t;tJ'I ~tJtJ~fJCl. 2546. &TIflUflUa::fl11',r~U~U Jl. flW::1'YltJlfflff~{tm::t'Ylfll'U lClv 
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·nl'J~'IJllUfl.:jU-an 2 2 5 20 10� 

-nl'Jui'1JU,.:j~'IJtltl'IJU~n
 2 2 5 20 10� 

3.2 rm Hfil\l~vnl'JNafl(U;1Jltu) 20� 

5 3 4 20 12� 

5 2 4 20 8� 

5 2 4 20 8� 

5 2 4 20 8� 

5 2 4 20 8� 

20� 

3 5 15 5� 

3 5 15 5� 
~ 

-'li'IJU'IJ '~~'IJ+l1tYl11Nn 3 10 15 10� 

56 30 100 365 159� 
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... " '\.J Rf 'VI fl''r4 s q''j 1~ fl' 

... .4 
Ifl~Ulltl 24 'r4qfl'~mfJ'\.J 2519 

.1 ..- ... 
IJ1:::1Vlfl11ftfl~1 'r4.fl'. 2538� ~1W1JfYf11:l1~fl'\.J1.hnfJ h~lifJ'UII1iIl~~ 

i~l11~I;fJ~1l11i 

" 'r4.fl'. 2540 1.h:::mfl'ijfJ,j~'j1'l11ci'Uff~ ffm,j'UI'VIfll'U l"V~l'l11J~f1"... 

1'V1ml'IJ~1i1'l.h~ i~l11~1i1'l.h~ 

'r4.fl'. 2542 1'V1fJlfl'lffm,jwe¥i~ (I'VIfll'U l"vm'jIf11:l~'j) 

ffm,j'\.J~l'l1tltll;fJ~ 1l11i ~~l11f1I;fJ~ 1l11i 

'r4.fl'. 2542 - n'il~,j'U tJ'U6t1ii,j~mni~'Ul~~'U lm~m~l1"l~ 
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